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THE  FIRE-CLAYS  AND  FIRE-CLAY  INDUSTRIES 

OF  THE  OLIVE  HILL  AND  ASHLAND  DIS- 

TRICTS  OF  EASTERN  KENTUCKY. 

History. — In  the  period  between  1868  to  1872  Messrs. 
S.  Eifort,  K.  B.  Grahn  and  J.  McL.  Staughton  bought 
10,000  acres  of  land  in  the  Olive  Hill  district  for  the  pur- 
pose of  erecting  an  iron  furnace,  and  formed  a  company 
which  was  known  as  the  Tygart  Valley  Iron  Company. 
At  that  time  the  Lexington  Division  of  the  Chesapeake 
&  Ohio  Railroad  had  not  been  built  from  Ashland  to  Lou- 
isville, but  was  projected,  and  the  above  company  bought 
the  land  expecting  the  railroad  to  be  built  immediately. 
The  projected  railroad,  however,  was  not  built  until  1882. 

The  erection  of  an  iron  furnace,  in  the  meanwhile, 
was  abandoned,  and  the  10,000  acres  of  land  sub-divided. 
Mr.  Grahn  took  the  eastern  portion,  in  the  vicinity  of 
Grahn  station;  Mr.  Eifort  took  the  central  part,  in  the 
vicinity  of  Olive  Hill ;  and  Mr.  Staughton  took  his  allot- 
ment west  of  Olive  Hill. 

Tho  railroad  was  finally  completed  to  this  section  in 
1882  or  1883,  and  Mr.  Eifort  began  to  open  up  and  ship 
fire  clay.  The  first  fire  clay  from  the  Olive  Hill  district 
was  shipped  by  him  to  the  Ironton  Fire  Brick  Works  in 
1883.  The  clay  when  made  into  fire  brick  gave  such  excel- 
lent results  that  its  reputation  as  a  refractory  clay  was 
established  from  the  first.  Fire  brick  plants  from  Ash- 
land, Cincinnati,  Sciotoville  and  Louisville  were  soon  get- 
ting their  clay  from  this  Olive  Hill  district. 

The  spirited  demand  for  this  clay  and  the  fair  prices 
received  for  it  caused  an  extensive  development  and 
prospecting  for  and  shipping  clay  became  quite  an  in- 
dustry for  a  number  of  years,  and  the  extent  of  the  clay 
territory  was  found  to  be  much  larger  than  was  at  first 
suspected. 

There  are  four  vital  factors  that  greatly  augmented 
the  rapid  development  of  the  fire  clay  industry  in  this 
district : 

(1)  The  excellent  quality  of  the  clay  for  refractory 
wares. 

(2)  An  inexhaustible  supply  of  raw  material. 

(3)  Good  railroad  transportation. 
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(4)  Proximity  to  the  coking  coal  district  and  the 
iron  furnaces  of  the  Pittsburg  district. 

In  1895  tile  Olive  Hill  Fire  Brick  Company  erected 
the  first  fire  brick  plant  at  Olive  Hill.  They  soon  opened 
the  famous  *' Burnt-House"  mine,  which  contained  a 
solid  bed  of  pure  fire  clay  27  feet  thick.  It  was  the  fire 
brick  made  of  the  clay  from  this  mine  that  established 
the  reputation  of  the  Olive  Hill  fire  brick,  which  is  now 
sold  in  all  parts  of  the  U.  S.,  Canada,  Japan,  Cuba  and 
other  foreign  countries. 

In  1900  the  Ashland  Fire-Brick  Company  erected  a 
plant  on  the  Chesapeake  &  Ohio  Railroad  at  Hay  ward, 
9  miles  west  of  Olive  Hill.  The  plant  has  seven  kilns 
and  a  daily  capacity  of  10,000  to  12,000  bricks. 

The  following  year,  1901,  the  Harbison- Walker  Re- 
fractories Company  completed  their  plant  at  Olive  Hill. 
It  is  one  of  the  largest  plants  south  of  the  Ohio  river. 

In  1903  the  Kentucky  Fire  Brick  Company  estab- 
lished a  plant  at  Haldeman,  on  the  Chesapeake  &  Ohio 
Railroad,  in  Rowan  county,  near  the  boundary  line  be- 
tween Rowan  and  Carter  counties.  The  plant  has  14 
kilns  and  a  daily  capacity  of  40,000  to  50,000  bricks. 

The  third  plant  in  Olive  Hill  was  built  in  1910.  It 
is  owned  by  the  Olive  Hill  Calcine  Company,  and  is  en- 
gaged in  the  production  of  calcine  which  is  used  princi- 
pally in  the  manufacture  of  glass  pots.  Calcine  for  this 
purpose  is  made  from  the  highest  grade  flint  clay. 

Mr.  Grahn,  soon  after  the  completion  of  the  Chesa- 
peake &  Ohio  Railroad  to  Louisville,  opened  up  a  clay 
mine  on  his  property  at  Grahn  and  shipped  the  clay  to 
the  Louisville  Fire  Brick  Works  at  Louisville,  with  which 
he  was  connected. 

The  Louisville  Fire  Brick  Works  is  now  completing 
a  7-kiln  brick  plant  at  Grahn  station  on  the  Chesapeake 
&  Ohio  Railroad,  5  miles  east  of  Olive  Hill. 

Still  another  fire  brick  plant  wdll  have  been  completed 
in  this  district  before  this  report  reaches  the  press.  The 
plant  is  located  at  Hitchens  at  the  junction  of  the  Chesa- 
peake &  Ohio  and  the  Ohio  &  Kentucky  railroads.  The 
plant  is  said  to  be  the  largest  fire  brick  plant  in  the  world. 
It  is  ten  30-foot  kilns  of  80,000  capacity  and  it  is  the 
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purpose  of   the  company  to   buil^l  ten   additional   kilns 
which  will  give  an  output  of  100,000  brick  a  day. 

There  are  two  fire  brick  plants  in  Ashland,  owmed 
by  the  Ashland  Fire  Brick  Company,  and  one  near  the 
mouth  of  Tygart  creek  at  McCall  P.  0.,  owned  by  Chas. 
Tavlor  Sons,  all  of  which  come  within  the  territory  cov- 
ered  by  this  report.  The  Ashland  plants  get  their  best 
grade  of  clays  from  their  mine  at  Hayward,  in  the  Olive 
Hill  district.  The  second  grade  or  highly  plastic  clays 
are  obtained  from  the  Coal  Measure  clays  near  Ashland. 
The  clay  for  the  Taylor  plant  comes  from  the  Olive  Hill 
clav  belt. 

• 

CHAPTER  I. 

The  Two  Districts  Defined. 

The  area  included  in  this  report,  on  account  of  the 
difference  in  the  origin,  the  (piality  and  the  geological  age 
of  the  fire  clays,  is  divided  into  two  districts.  For  con- 
venience of  reference  these  will  be  discussed  under  the 
heads,  Olive  Hill  district  and  the  Ashland  district. 

The  Olive  Hill  district  includes  the  plastic  and  the 
flint  fire  clays, which  are  associated  with  the  Mississippian 
limestone,  the  ui)permost  member  of  the  Sub-Carbonif- 
erous series  in  this  region. 

The  Ashland  district  includes  the  higher  fire  clays 
that  are  found  in  the  Coal  Measures  in  Carter,  Greenup 
jind  Bovd  countic^s.  These  Coal  Measure  fire  clavs  are 
found  at  different  horizons,  Imt  the  most  prominent  beds 
are  those  occurring  near  the  horizon  of  the  Ferriferous 
limestone. 

Tlie  (^oal  M(»asure  rocks  are  younger  than  those  in 
whicli  the  Olive  Hill  fire  clays  occur  so  that  from  a  geo- 
graphical standi)oint  alone  there  is  considerable  overlay 
in  tlie  two  districts,  but  tlie  clays  of  tli(*  two  districts  are 
so  distinct  in  character  that  the  geological  division  is 
very  api)arent. 

Area  of  the  Olive  Hill  District. 

The  Olive  Hill  district  includes  approximately  the 
western  half  of  Greenup,  the  western  half  of  Carter,  the 
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eastern  and  southeastern  parts  of  Rowan,  and  the  north- 
western part  of  Elliott  counties.  There  is  a  narrow  belt 
of  territory  along  the  border  of  Lewis  county  near  the 
crest  of  tlie  ridge  which  forms  the  boundary  between 
Lewis  and  Carter  counties,  where  isolated  deposits  of 
the  clay  are  found;  but  the  rapid  rise  of  the  strata  to 
the  northwest  soon  carries  the  clay  above  the  tops  of 
the  hills. 

The  district  from  northeast  to  southwest  is  approxi- 
matelv  12  miles  wide,  and  it  extends  from  the  Ohio  river 
in  a  soutlnvesterly  direction  to  the  North  Fork  of  Lick- 
ing river,  a  distance  of  about  55  miles,  and  includes 
about  660  square  miles. 

Tygart  creek  from  its  headwaters  in  the  extreme 
southwestern  part  of  Carter  county  to  its  mouth,  two 
miles  above  Portsmouth,  follows  approximately  the  cen- 
ter of  the  fire  clay  district. 

Kxtension  of  the  Olive  Hill  Fire  Clay  Belt. 

A  fire  clay  of  the  same  geologic  age  and  origin  as 
the  Olivo  Hill  fire  clay  is  found  in  Ohio  and  is  an  exten- 
sion of  the  same  clav  belt  as  the  one  in  Kentuckv.  It 
occurs  along  the  western  border  of  the  Ohio  coal  field 
in  Scioto,  Jackson,  Hocking,  Perry  and  Muskingum 
counties.*  It  has  long  been  mined  in  the  hills  back  of 
Sciotoville,  and  was  first  known  as  the  Sciotoville  fire 
clay.  It  is  also  known  in  Ohio**  as  the  Logan  clay  from 
Logan,  in  Jackson  county,  where  it  has  been  extensively 
worked. 

There  is  a  possibility  of  finding  small  deposits  of 
the  same  clay  at  the  base  of  the  Coal  Measure  rocks 
southwest  of  Licking  river  in  Morgan,  Menifee,  Wolf 
and  the  other  counties  in  Kentucky  skirting  the  western 
rim  of  the  eastern  coalfield. 

Age  of  the  Olive  Hill  Fire  Clay. 

The  relation  of  the  fire  clay  to  the  other  geologic 
strata  ot  the  district  has  a  special  significance  to  the 
prospector  in  locating  the  clay  where  it  does  not  appear 
at  the  surface.  The  nature  of  the  rocks  overlying,  and 

•Edward  Orton,    Jr.,    Ohio  Geological   Survey,    Vol.   VII. 
••Ibid. 
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to  some  extent  the  rocks  beneath,  may,  as  will  be  more 
fully  explained  later,  largely  determine  the  character  of 
the  clay. 

The  Olive  Hill  fire  clay,  as  previously  stated,  is 
found  associated  with  the  Mississipian  limestone.  Where 
the  limestone  is  present  the  normal  position  of  the  clay 
is  on  top  of  the  limestone,  but  in  places  the  limestone 
has  entirely  disappeared  and  the  fire  clay  rests  on  a 
bed  of  pinkish-colored  clay  which  is  the  remnant  of  the 
decomposed  limestone.  The  fire  clay  is  never  found  in 
its  normal  position  except  where  the  limestone  is  now 
present  or  was  present  before  its  dissolution.  In  many 
places,  however,  the  clay  has  been  carried  out  of  its  nor- 
mal position,  on  top  of  the  limestone,  and  redeposited  as 
local  deposits  in  the  Conglomerate.*  An  instance  of  this 
kind  is  on  the  Olive  Hill  Fire  Brock  Company's  land  on 
Perry's  branch  just  outside  of  Olive  Hill.  Here  a  deposit 
of  fire  clav  was  found  liO  feet  or  more  above  the  base  of 
the  CV)nglomerate  sandstone.  Tt  was  a  basin-shaped  de- 
posit about  100  feet  long  by  50  feet  wide  and  3  to  6  feet 
thick.  The  clay  was  of  excellent  quality  and  was  worked 
out  by  the  Olive  Hill  Fire  Brick  Company. 

Another  similar  d(q)osit  was  found  about  one  mile 
east  of  Carter  on  the  property  of  Joseph  Pence.  Here  a 
deposit  of  flint  clay  has  been  opened  20  to  30  feet  above 
the  base  of  the  Conglomerate,  which  latter  forms  a  high 
cliff  around  the  hill. 

Still  another  deposit  of  the  flint  clay  above  the  base 
of  the  Conglomerate  was  found  on  Andy  White's  branch 
just  below  Elliottsville,  in  Rowan  county. 

There  is  a  marked  unconformitv  between  the  Missis- 
sippian  limestone  and  the  Conglomerate.  At  the  close  of 
the  deposition  of  tlie  limestone  the  deep  sea  bottom,  on 
which  tlie  limestone  w^as  formed,  was  lifted  above  the 
surface  and  was  subjected  to  the  eroding  action  of  at- 
mospheric agencies.  This  erosion  interval  was  continued 
long  enough  for  the  full  thickness  of  the  limestone,  which 
in  places  is  still  found  to  be  125  feet  thick,  to  be  in  some 
points  entirely  worn  away.  At  other  points  only  a  small 

•The  sandstone  under  the  fire  clay  mentioned  in  this  instance  and  in  the 
following  places  is  here  called  a  part  of  the  Congrlomerate.  Further  in- 
vestigation may  possibly  prove  this  to  be  a  separate  sandstone  belonging: 
in   the  series   below   the   Conglomerate,    possibly   a   Chester  sanstone. 


Kentucky  Geological  Survey  597 

portion  of  the  limestone  was  eroded  so  that  we  may  now 
find  the  Conglomerate  resting  on  the  limestone,  on  the 
clay,  or  perchance  both  the  clay  and  the  limestone  are 
gone  and  the  Conglomerate  rests  directly  on  the  Waverly. 

Origin  of  the  Olive  Hill  Fire  Clay. 

It  is  to  be  understood  in  discussing  the  origin  of 
any  clay  that  while  the  primary  source  is  from  the  de- 
composition of  feldspathic  rocks,  the  direct  source  may 
be  readily  traced  to  the  disintegration  of  limestones  or 
shales.  In  the  discussion  of  the  origin  of  the  Olive  Hill 
fire  clavs  we  shall  confine  our  remarks  to  the  direct 
source  of  these  deposits. 

The  origin  of  the  Olive  Hill  fire  clays  has  given  rise 
to  much  speculation  among  the  clay  workers  of  this  field, 
and  has  an  important  relation  to  similar  deposits  in  other 
parts  of  the  country. 

All  clays  are  formed  in  one  of  two  ways.  (1)  By 
disintegration  and  solution  of  rocks  in  place,  or,  (2)  by 
the  transportation  and  the  deposition  of  clay  particles 
in  water.  The  first  class  is  called  ''residual  deposits;" 
the  second  class  is  known  as  ''sedimentary  deposits." 

Kosidual  clays  may  be  formed  from  igneous  rocks 
where  the  transition  from  clay  on  top  to  the  unaltered 
parent  rock  below  is  gradual.  They  may  also  be  formed 
from  the  dissolution  of  limestones  in  places  where  the 
calcium  carbonate  is  attacked  by  the  surface  waters  leav- 
ing behind  the  insoluble  aluminum  silicates. 

There  are  no  feldspar  igneous  rocks  in  Kentucky, 
so  the  fire  clavs  of  the  area  under  discussion  could  not 
have  been  formed  from  the  disintegration  of  such  rocks 
in  place. 

From  the  association  of  the  fire  clay  deposits  with 
the  Mississippian  limestone  below  and  the  Conglomerate 
sandstone  above  and  the  absence  of  feldspathic  rocks  in 
this  region,  there  i§  meagre  evidence  to  show  that  the 
clay  is  a  sedimentary  product  which  has  been  directly 
carried  by  streams  from  the  area  of  disintegrating  felds- 
pathic rocks.  If  such  were  the  case  there  would  doubt- 
less be  a  large  percentage  of  feldspar,  quartz  and  iron 
interbedded  with  the  kaolinite.  The  clay  is  found  in 
beds  from  a  knife  edge  to  27  feet  in  thickness  and  con- 
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tains  a  relatively  small  amount  of  feldspar,  quartz,  iron 
and  other  injurious  substances. 

There  are  only  two  other  possible  sources  of  the 
clays  under  discussion.  These  are  (1),  the  disintegration 
in  situ,  of  the  sedimentary  rocks  found  in  the  district, 
and  (2),  a  redeposition  of  the  clays  formed  from  the 
breaking  up  of  these  sedimentary  rocks.  The  evidence 
is  conclusive  that  a  part  of  the  fire  clay  deposits  of  the 
Olive  Hill  district  has  been  formed  from  decomposition 
and  solution  of  the  Mississippian  limestone  in  place.  The 
other  deposits  have  been  formed  as  a  redeposition 
product  from  the  breaking  up  of  limestone  and  flint  clays. 

If  the  clay  is  a  residual  product  derived  from  the 
limestone  tlie  question  as  to  whether  the  clay  was  fonned 
previous  to  or  subsequent  to  the  deposition  of  the  Con- 
glomtrate  naturally  presents  itself.  There  is  no  per- 
ceptible difference  in  the  quality  of  the  clay  which  occurs 
on  top  of  the  ridges  and  is  subjected  to  the  action  of 
surface*  waters  and  that  found  buried  beneath  1250  feet 
of  impervious  shales  and  other  rocks.  It  is  evident,  there- 
fore, that  the  clay  reached  its  ])resont  condition  before 
the  deposition  of  the  Conglomerate.  It  is  hardly  possi- 
ble that  thick  deposits  of  residual  clay,  such  as  are  found 
in  this  district,  could  be  formed  except  by  the  action  of 
surface  waters. 

TIk^  insoluble  residue  resulting  from  the  chemical 
dissolution  of  the  limestone  of  the  Olive  Hill  district 
when  first  formed  was  doubtless  more  or  less  plastic. 
Some  of  th(»  clay  is  still  found  in  this  condition,  but  there 
is  a  large  y)ercentage  of  the  non-plastic  flint  variety.  In 
some  of  the  mines  almost  the  entin*  thickness  of  the  vein 
is  comi)Ose(l  of  flint  clay.  In  other  openings  a  portion 
of  the  v'ein  is  plastic  and  the  remainder  is  flint  or  semi- 
flint.  There  is  generally  present  a  bed  of  ])lastic,  pink 
calcareous  clay  below  the  flint  clay  and  resting  directly 
on  the  limestone. 

The  Hint  clav  has  not  all  the  same  orii»:in.  In  some 
parts  of  the  district  Avliere  the  clay  has  been  dei^ply  cov- 
ered bv  later  formations  the  clav  was  originally  formed 
as  residua]  ])lastic  clay,  and  was  subsequently  re-crystal- 
ized  in  situ,  into  the  form  of  flint  clav. 

7  »f 
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In  all  sections  of  the  district  there  are  deposits  of 
flint  clays  that  have  not  been  formed  by  a  re-crystalliza- 
tion of  the  residual  plastic  deposits  in  place,  but  are 
residual  clay  dei:)osits  that  have  been  broken  up  and 
washed  into  basin-shaped  depressions  forming  an  accu- 
mulation of  sedimentarj^  clays.  They  were  subsequently 
re-crvstallized  into  flint  clavs  in  much  the  same  manner 
as  the  flint  clavs,  described  above.  Thev  are  to  be  dis- 
tinguished,  however,  as  *  *  residual  flint  clay ' '  and  *  *  trans- 
ported or  sedimentary  flint  clay.''  The  latter  deposits 
contain  a  rim  of  free  silica  on  the  edges  and  bottoms  of 
the  basins.  All  of  the  deposits  found  in  the  Conglom- 
erate and  some  below  the  Conglomerate  are  of  the  lat- 
ter class. 

There  is  sufficient  evidence  at  hand  to  show  that  all 
of  the  clays  of  the  district  do  not  have  the  same  origin. 
The  flint  clays  which  are  found  overlying  the  pink,  calca- 
reous clay  most  generally  are  derived  from  the  under- 
lying limestone.  The  limestone  was  first  changed  into 
the  calcareous  clay  which  later  lost  its  lime  content  and 
was  re-crvstalized  into  the  flint. 

The  following  is  a  summary  of  the  evidence  secured 
in  the  study  of  the  clays  indicating  the  sedimentary 
origin  of  some  of  the  Olive  Hill  fire  clay  deimsits.  (1) 
The  presence  of  leaf  impressions  in  some  of  the  clays; 
(2)  The  even  surface  of  the  top  of  the  deposits;  (3)  The 
presence  of  sand  grains  in  some  of  the  clays;  (4)  The 
presence  of  angular  fragments  of  undecomposed  flint 
clay  in  some  overlying  deposits;  (5)  The  presence 
of  lenses  of  sandstone,  known  to  the  miners  as  ''silica 
boulder.-;,"  in  some  of  the  mines;  (6)  The  presence  of 
stratification  lines  in  at  least  one  deposit  of  a  very  hard 
flint  clay;  (7)  Local  basin  deposits  of  flint  clay  found  in 
the  Conglomerate  20  to  30  feet  above  the  top  of  the  Mis- 
sissip/pian  limestone. 

The  following  facts  are  cited  as  conclusive  evidence 
of  the  residual  origin  of  a  large  per  cent  of  the  boulder 
flint  clays:  (1)  The  association  of  the  clay  with  the  Mis- 
sissippian  limestone  as  shown  in  figure  5;  (2)  The  pres- 
ence of  a  calcareous  clay,  known  by  the  miners  as  ''pink 
eye,"  between  the  flint  clay  above  and  the  limestone  be- 
low.    The  limestone  wds  first  changed  to  the  pink  eye 
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.which  gradually  lost  its  lime  content  and  was  re-crystal- 
ized  into  the  flint;  (3)  The  lack  of  a  thin  rim  of  sand- 
stone on  the  bottom  and  the  edges  of  the  flint  clay  de- 
posits as  is  the  case  of  the  Missouri  flint  clay  deposits* ; 
(4)  The  oolitic  structure  of  some  of  the  flint  clays  some 
of  which,  by  merely  looking  at  them,  may  easily  be  mis- 
taken for  a  piece  of  oolitic  limestone.  In  this  case  the 
calcium  carbonate  has  been  leached  out  and  replaced  by 
silicate  of  alumina  leaving  the  original  structure  of  the 
limestone. 

The  decomposition  of  limestones  in  situ  has  doubt- 
less boon  the  origin  of  more  deposits  of  kaolin  and  highly 
refractory  clays  than  was  formerly  supposed.  A  large 
percentage  of  the  kaolins,  and  the  plastic  fire  clays  of 
Missouri**  wore  formed  directly  from  the  weathering 
of  limestones. 

In  discussing  the  origin  of  the  Missouri  kaolin,  page 
162  of  the  above  noted  report,  Mr.  Wheeler  says:  **The 
granite  und  porphyry  areas  of  the  southwestern  part  of 
the  State  which  occur  surrounded  by  the  limestones  car- 
rving  tlie  kaolin  do  not  furnish  anv  workable  kaolin  de- 
posits,  as  the  clay  resulting  from  their  decay  has  thus 
far  been  found  to  be  too  impure  with  iron  to  answer  for 
chinaware.  Tliis  is  a  remarkable  and  quite  unusual  phe- 
nomenon for  F^o  extensive  a  district  wlioro  both  f(»lds- 
pathic  igneous  (plutonic)  rocks  and  sedimentary  lime- 
stones occur,  to  have  such  large  deposits  of  kaolin  derived 
from  the  limestones,  and  none  from  the  plutonic  rocks. 
Yet  the  evidence  is  conclusive  that  the  Missouri  kaolin 
deposits  thus  far  opened  have  been  derived  from  the  de- 
cay and  solution  of  limestones  which  have  left  behind,  as 
the  insoluble  impurities,  beds  of  clay  and  large  bodies  of 
chert  fragments  as  mere  remnants  of  their  former  great 
mass." 

As  to  the  origin  of  the  flint  clay  deposits  ho  adds: 
^^  Occasional! V  the  residual  clay  has  boon  washed  into 
choked  sink-holos  or  closed  basins,  where  there  results  an 
accunnilation  of  the  fire  clay  as  a  sedimentary  deposit. 
Often  the  depressions  are  completely  filled  by  the  local 
washings  from  the  adjacent  limestone.  This  is  the  origin 
of  the  ball  and  flint  clay  deposits.   In  this  case  only  the 

♦See   quotation    from  Wheeler's   Report. 
♦*Mo.  Geol.  Survey,   Vol.  XI. 
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fine  cla^/  is  carried  into  the  basin  and  it  is  free  from  the 
chert  that  is  so  largely  intermixed  through  the  *hill'  or 
residual  deposits.'' 

The  fire  clays*  of  Hart,  Larue,  Taylor  and  Edmon- 
son counties,  Kentucky,  are  associated  with  the  Chester 
and  the  St.  Louis  limestones  of  that  region,  and  probably 
have  a  similar  origin  to  the  Olive  Hill  fire  clays.  Mr. 
Gardner**  is  of  the  opinion  ''that  the  majority  of  the 
clays  of  the  district  are  of  marine  origin,  having  been 
carried  probably  by  rivers  from  a  great  distance." 

It  is  known,  however,  that  there  is  an  unconformity 
in  the  district  described  by  Mr.  Gardner  at  about  the  hori- 
zon where  the  fire  clays  are  found.  It  seems  more  prob- 
able, therefore,  that  the  clay  was  formed  in  the  same 
manner  as  the  Olive  Hill  and  the  Missouri  clays. 

In  a  private  letter  from  Mr.  Eichard  R.  Hice,  State 
Geologist  of  Pennsylvania,  as  to  the  origin  of  the  refrac- 
torv  clavs  of  that  State,  Mr.  Hice  savs:  ''There  has  been 
no  connected  study  made  of  the  clays  of  Pennsylvania, 
especially  that  portion  of  Pennsylvania  ( referring  to  the 
Clearfield  County  clays)  or  of  the  flint  clays  in  any  por- 
tion of  Pennsylvania.  The  matter  of  the  origin  of  flint 
clays  is  a  complicated  one  when  one  considers  the  condi- 
tions under  which  we  find  flint  clay  in  the  different  por- 
tions of  this  country;  we  cannot  but  think  that  the  origin 
has  been  the  same  in  all  cases." 

"In  this  State  (Pennsylvania),  we  find  the  flint  clays 
in  the  Pottsville  sandstone,  in  the  under-clays  of  the  Alle- 
gheny river  series,  and  sometimes  in  other  sandstones. 
In  the  under-clays  we  sometimes  find  them  forming  the 
bottom  of  the  clay  vein,  and  at  other  times  a  distinct  belt 
in  the  clay  with  a  rather  definite  position  in  the  vein; 
again  in  the  top  of  the  vein  and  very  frequently  scattered 
irregularly  through  the  entire  thickness  of  the  clay  vein. 
The  well  known  Boliver  clay  has  sometimes  been  corre- 
lated with  the  Upper  Freeport  under  clay.  This,  how- 
over,  is  a  mistake,  as  it  occu])ies  the  horizon  of  the  Upper 
Freeport  limestone,  which  is  below  the  clay  horizon ;  and 
when  the  clay  is  present,  the  limestone  is  absent,  at  least 
this  is  the  general  rule  and  I  recall  no  exception." 


•Kentucky  Geological   Survey,    Bull.  6.   1905. 
♦•Ibid. 
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In  discussing  the  geologic  age  of  the  flint  clays  of 
Clearfield  County,  Pennsylvania,  George  H.  Ashley  in 
Bulletin  285,  United  States  Geological  Survey,  savs: 
*' Flint  clay  occurs  at  four  horizons — three  in  the  Alle- 
gheny, ^vhich  appear  to  be  of  rather  limited  distribution 
and  minor  importance,  and  a  fourth  at  the  Mercer  hori- 
zon in  the  Potts ville  formation.  The  Mercer  coal  is  un- 
derlain by  flint  clay,  which  at  present  is  the  principal 
bed  being  mined  in  Clearfield  County." 

The  Mt,  Savage,*  Maryland,  fire  clays  which  have 
an  established  reputation  as  highly  refractory  materials 
occur  in  the  Pottsville  formation  below  the  Ilomewood 
sandstone  and  above  a  heavy  Conglomerate  sandstone. 

The  most  important  flint  clay  deposit  of  Tuscarawas 
County,  Ohio,  is  that  which  occurs  near  Strasburg  at  the 
horizon  of  Newberry's**  No.  7  coal,  which  is  the  prob- 
able equivalent  of  the  up])er  Free])ort  coal. 

It  is  evideut,  that  the  stratigraphic  position  of  the 
Olive  Hill  flint  clay  is  lower  than  the  Strasburg,  Mt.  Sav- 
age and  Pennsylvania  flint  clays. 

PETROiiRAPHY  OF   THE  OlIVE   HiLL  FiRE   ClaY. 

A  very  interesting  and  helpful  petrographic  study 
of  plastic  and  flint  fire  clays  has  been  made  by  Sidney 
Longnum  (ilal]nn  of  Cornell  University  and  first  printed 
in  Transactions  American  Ceramic  Society,  Vol.  XIV., 
1912.  Petrograjihic  sections  of  the  above  mentioned  flint 
clays  and  their  associates  were*  studied  and  compared. 
The  following  are  the  results  of  Mr,  Galpin's  studies  of 
sections  from  Olive  Hill,  Kentuckv. 

**Tli(»  sam])les  examined  represent  (la)  ty])ical  flint 
clay;  (Ih)  top  of  flint  clay  bed ;  (2)  the  semi-flint;  (3)  the 
aluminite  varic^ties  described  by  (Ireaves- Walker.  All 
are  found  in  or  near  the  Burnt  House  mine. 

(la)  (Si'EciMEN  No.  21).  This  is  of  buff  color  and 
shows  a  good  conchoidal  fractun^  Small  concretion-like 
si)ots  may  be  seen.  It  is  very  similar  in  appearance 
to  some  of  the  Clarion,  Pa.,  flint  clays.  Fractures  in  this 
clay  are  frecjuently  lined  with  snuill  plates  of  barite. 

♦M<1.    Grol.    Survey,    liei)ort    on    Alleftlienv    Count  v. 
♦•Ohio   GeoloK'ical    Survey,    Vol.    HI. 
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(lb)  (Specimen  No,  20).  This  clay  is  darker  than 
No.  21  and  shows  its  resemblance  to  the  typical  flint  clay. 

(2)  (Specimen  No.  22).  A  smooth,  buff-gray  clay 
cut  up  into  interlocking  lenses  by  slickensides.  The  cen- 
tral parts  of  these  lenses  are  like  the  flint  clay. 

(3)  (Specimen  No.  23).  The  aluminite  is  a  buff  or 
pinkish  rock  of  great  toughness  having  a  sharp  but  rough 
conchoidal  fracture,  the  surfaces  studded  with  oolites 
like  those  seen  in  bauxite,  but  of  small  size  and  seldom 
exceeding  1  mm.  in  diameter. 

Section  XX.  Clay  from  the  top  of  the  flint  clay, 
Olive  Hill,  Kentucky. 

Structurally  this  clay  is  similar  to  No.  XI.  from 
Clarion,  Pa.  It  is,  however,  richer  in  carbonaceous  mat- 
ter, which,  along  the  cracks  that  served  as  pathways  for 
solutions,  had  precipitated  iron  in  the  form  of  pyrite. 
Scattered  through  the  clay  are  cloudy  areas  sometimes 
of  circular  outline  and  occasionally  bearing  remarkable 
likeness  to  the  cross  sections  of  feldspar  fragments. 
(Plate  IV.,  Fig.  2). 

Crystallization  of  kaolinite  prisms  has  formed  clear 
patches  in  some  of  these  areas,  often  producing  radiate 
structures  within,  and  more  frequently  about  the  peri- 
phery of  the  cloudy  area.    (Fig.  7.) 

Types  of  structures  characteristic  of  Olive  Hill,  Ky., 
clays. 

(a)  An  irregular  mass  of  kaolinite  prisms  devel- 
oped toward  the  center  of  a  cloudy  oolite. 

(b)  Kaolinite  grains  or  prisms  producing  radiate 
structure  within  oolite. 

(c)  Radiating  kaolinite  crystals  bordering  an  ir- 
regular clouded  spot  (possibly  a  weathered  feldspar 
fragment). 

*' Kaolinite  is  the  most  common  mineral  although 
hydro-micas  are  to  be  seen,  especially  as  ribs  in  the 
kaolinite. ' ' 

**  Quartz,  rutilo,  zircon  and  tourmaline  are  present 
in  lesser  amounts.'' 

Section  XXI.— Flint  clay,  Olive  Hill,  Ky. 

*'Tliis  section  closelv  resembles  No.  XX.  in  minera- 
logical  character,  but  is  free  from  pyrite  and  contains 
much  less  carbonaceous  material,  and  the  structure  is 
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like  that  described  in  Section  XI.  [The  typical  flint  clay 
from  Clarion,  Pa.]  *' There  are  traces  of  a  sort  of  *  mares 
tail'  arrangement  in  the  parts  least  crystallized.  These 
structures  are  cut  by  the  concretionary  and  cloudy  areas. 
It  is  thought  possible  that  these  structures  were  formed 
by  movements  during  contraction  of  the  colloidal  jel,  of 
which  the  clay  was  largely  composed,  as  some  of  the 
water  was  squeezed  from  it  by  the  weight  of  accumulating 
sediments  above.  Traces  of  such  structures  are  to  be 
found  in  all  of  the  very  fine-grained  flint  clays." 

*'KaoIinite  prisms  (up  to  70  microns  length)  show  a 
great  variety  of  bent  and  contorted  forms.  'Eibbing' 
by  hydro-micas  is  a  prominent  feature  and  is  apparently 
responsible  for  much  of  the  warping  in  the  kaolinite 
prisms.    Muscovite  is  practically  absent." 

'*  Quartz  may  be  seen  in  widely  scattered  corroded 
grains  up  to  400  microns  diameter.  Other  accessory  min- 
erals as  are  noted  in  other  sections." 

'*  Section  XXII. — Prepared  from  powder  of  semi- 
flint  clay,  Olive  Hill,  Kentucky. 

**This  section  shows  largely  individual  plates,  but 
also  many  aggregate  grains,  indicating  that  the  develop- 
ment of  hydro-micas  in  this  clay  is  not  as  complete  as  in 
some  of  the  semi-flint  clays  from  other  localities,  for  the 
development  of  hydro-micas  seems  to  accompany  any 
movements  in  the  clay  which  tend  to  loosen  up  the  indi- 
vidual plates,  resulting  in  more  complete  disintegration 
into  individual  grains  upon  grinding," 

*'The  main  mineral  seen  is  hydro-mica.  No  kaolinite 
was  identified,  but  is  doubtless  present  to  some  extent." 

''Muscovite  is  not  common,  and  the  same  is  true  of 
quartz  and  the  other  common  accessories." 

Section  XXIII. — llii^hlv  aluminous  flint  clav.  Olive 
Hill,  Kentucky,  the  aluniinite  of  Greaves-Walker. 

''Here  one  sees  numerous  concretions  of  oolites 
(Plate  v.,  Fii^.l)  scattered  through  a  fine-grained  li^round 
mass,  which  is  similar  to  that  of  Sections  XX.  and  XXI., 
but  for  fewer  kaolinite  prisms  and  occasional  patches  of 
mineral  grains  which  show  a  higher  index  than  kaolinite, 
and  a  structure  differing  somewhat  from  that  of  mica. 
Careful  determinations  of  elongation,  extinction  and 
birefringence  together  with    comparison    to  known  liv- 
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drarygUite  (^ibbsite,  (Al  (OII);{)  lead  to  the  eonclu- 
sioii  that  these  bundles  are  composed  of  grains  of  that 
min(»ral  (Page  V.^  P^ig.  2).  It  is  more  common  in  the 
oolites  than  in  the  ground  mass.  Here  it  is  seen  in 
nueleal  groui)s  and  concentric  bands  separated  by  rings 
of  cloudy,  extremely  fine-grained  material  which  may  be 
a  bauxite  mixture." 

'^Kaolinite  prisms  are  rare  in  the  oolites,  but  are 
closely  associate  !  fith  the  hydrargyllite  in  the  ground 
mass.  The  hvdrai>:rvHite  mav  rei^resent  the  recrwstalliza- 
tion  of  hydrous  alumnia  which  was  present  originally  in 
the  sediments." 

'*This  clay  seems  to  represent  an  intermediate  phase 
between  kaolin  and  bauxite." 

^*  Dehydration  of  the  Olive  Kill  clays  gave  the  fol- 
lowing results:" 

''Dehydration  Tests  of  Olive  Hill,  Kentucky,  clays. 

Per  cent  loss  Per  cent  Total  per 

at  112 ''C.  ignition  loss.  cent  loss. 

21.  Flint   clay 0.82  13.2                    14.00 

22.  Semi-flint  0.96  11.7                    12.7 

23.  'Aluminite* 0.4  13.0                    13.4 

''The  semi-flint  shows  similaritv  in  water  content 
to  the  'Mt.  Savage'  (Md.)  flint  and  the  'woodland' 
(Pa.)  'soft  clay.'  " 

"The  aluminite,  despite  the  lower  amounts  of  kaoli- 
nite  to  be  seen,  shows  a  fairly  high  water  content  due  to 
the  presence  of  some  hydrargyllite  (Al  (OH).,)." 

Knote  in  experimenting  on  the  chemical  and  the 
physical  changes  in  refractory  clays  due  to  the  influence 
of  heat  gives  the  flre-shrinkage,  apparent  specific  grav- 
ity, and  porosity  curves  of  refractory  clays  from  Olive 
Hill,  Portsmouth,  Ohio,  McKeesport,  Pa.,  Clearfield 
County,,  Pa.,  Mt.  Savage,  Md.,  Mineral  City,  Ohio,  and 
an  imported  German  i)histic  glass  ])ot  clay. 

At  cone  23  the  results  are  given  in  the  following 
table : 
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Per  cent. 

Fire 
shrinkage 


specific 

Apparent 

grravity. 


Per  cent 
Porosity. 


Olive  Hill  flint  clay 

♦Olive  Hill  plastic  clay  

Portsmouth  Ohio,  flint  clay  

McKeesport,  Pa.,  flint  clay  

♦McKeesport,  Pa.,  plastic  clay  

♦Clearfield  County,  Pa.,  flint  clay  .... 

Clearfield  County  Pa.,  plastic  clay 

♦Mt.  Savage,  Md.,  flint  clay 

Mineral  City,  Ohio,  flint  clay 

German  Plastic  Glass  Pot  Clay 


2.71 
2.44 
2.71 
2.62 
2.14 
2.52 
2.56 
2.53 
2.54 
2.21 


14.0 

2.0 

14.5 

15.5 

2.0 

18.5 

12.0 

28.0 

27.0 

2.0 


•Trans.  Am.  Cer.  Soc,   Vol.  XII. 

Tho  results  for  the  German  clay  are  given  at  cone 
15.    The  clav  became  vesicular  betveen  cones  15  and  20. 

In  the  list  marked  with  a  star  (*)  the  shrinkage  was 
greater  between  cones  11-15  than  it  was  at  cone  23. 
There  was  in  these  cases  an  actual  swelling  of  the  clay- 
after  it  reached  its  greatest  shrinkage  at  cones  11  to  15 
to  the  end  of  the  test  at  cone  23. 

As  may  be  expected,  the  flint  clays  showed  less  po- 
rosity than  tlie  plastics,  dne  to  greater  amount  of  water 
in  the  latter  than  in  the  former. 

Tlie  results  obtained  bv  Knote  were  determined  on 
burned  briquettes.  Cone  11  is  the  equivalent  of  2,462 
degrees  F.,  or  1,350  degrees  C.  Cone  23  corresponds  to 
2,894  degrees  F.,  or  1,590  degrees  C. 

It  may  be  interesting  here  to  compare  the  melting 
points*  of  firebricks  and  clays  as  recently  determined  by 
the  Bureau  of  Standards.  Tlie  following  determinations 
were  made : 


Degrees 

Fire  clay  brick 1555 

Bauxite  brick  .-. 1565 

Silica   brick 1700 

Chromite  brick 

Magnesia  brick  

Kaolin    1735 


Centigrade 
to  1752 
1785 
1705 
2050 
2165 
1740 


•Journal   of   Franklin  Institute,    Feb.,    1913. 
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Degrees 


Bauxite    

Bauxite    clay. 

Cliromite  

Pure  alumina. 
Pure  silica... 
Carborundum 


Centigrade 
1820 
1705 
2180 
2010 
1750 
2700 


Pure  silica  does  not  melt  at  1,750  degrees  C,  but 
flows  or  is  distinctly  viscous  at  that  temperature. 

While  the  melting  point  of  fire  bricks  is  given  at 
1,555  to  1,725  degrees  C,  the  individual  clays  composing 
the  mixture  melt  at  a  much  higher  temi)erature.  This 
is  shown  bv  the  fact  that  a  number  of  tests  of  the  Olive 
Hill  clays,  where  taken  separately,  were  not  melted  until 
a  temperature  of  1,810  to  1,830  degrees  C.  was  reached. 
It  may  be  said,  however,  tliat  the  determinations  were 
made  by  Seger  cones,  which  is  only  approximate.'' 

CHAPTER  II. 

Geologic  Occurrence  of  Clays. 
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Monongahela  formation. 


Conemaugh  formation. 


Allegheny  formation. 


Pottsville  formation. 


Olive  Hill  fire  clay  horizon. 


Mississippian  limestone. 


Waverly. 


Unconformity. 
Unconformity. 
L'nconfcrmity. 


The  fire  clavs  of  the  district  under  consideration  are 

ft- 

so  intimately  connected  with  and  dependent  on  certain 
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of  the  geologic  f  omiations  that  a  brief  description  of  their 
geologic  and  geographic  distribution  will  be  given. 

The  surface  of  the  area  was  originally  a  plain  higher 
in  the  south  and  inclined  northward  to  the  Ohio  river. 
The  larger  streams  have  cut  their  channels  rapidly  into 
the  strata  leaving  in  many  places  very  precipitous  cliffs 
adjacent  to  the  streams.  The  crests  of  the  hills  in  the 
southern  and  the  western  parts  of  the  region  rise  to 
about  1,150  feet  above  sea  level.  At  Portsmouth,  Ohio, 
which  is  opposite  South  Portsmouth,  Kentucky,  the  low 
water  mark  in  the  Ohio  river  is  468  feet  above  sea  level. 
The  difference  in  the  extremes  of  elevation  in  the  dis- 
trict is,  therefore,  about  682  feet.  The  region  as  a 
whole  is  very  rugged,  the  hills  rising  on  an  average  400 
feet  above  the  main  stream  bottoms.  The  bottoms  are 
comparatively  narrow,  except  along  the  Ohio  river,  Little 
Sandy  river  and  the  lower  part  of  Tygart  creek. 

The  region  is  occupied  by  the  Mississippian,  Penn- 
sylvanian  and  Eecent  strata,  all  of  which,  except  the 
Recent,  dip  east  and  southeast.  The  general  dip  of  the 
rocks  west  of  Little  Sandy  river  ranges  from  10  to  40 
feet  to  the  mile,  with  an  average  dip  of  something  like 
25  feet  to  the  mile.  East  of  Little  Sandy  the  dip  is  less 
regular.  While  the  general  dip  is  to  the  southeast  there 
are  numerous  local  folds  which  have  given  rise  to  the 
accumulation  of  more  or  less  oil  and  gas. 

The  general  surface  effect  of  the  rapid  east  and 
southeast  dip  of  the  strata  is  to  cause  the  older  forma- 
tions to  successively  disappear  below  drainage  and  the 
younger  rocks  to  occupy  the  surface. 

Ohio  river  forms  the  northern  boundary  of  the  re- 
gion under  dis<nission.  Tygart  creek  and  its  tributaries 
drain  the  western,  Little  Sandy  the  central,  and  Big 
Sandy  the  eastern  areas.  That  part  of  the  district  which 
lies  in  Rowan  county  is  drained  bv  the  waters  of  the 
North  Fork  of  Licking  river. 

It  is  a  very  noticeable  fact  that  tlie  streams  entering 
Tygart  crei^k  fi-oni  the  west  are  nmcli  larger  and  more 
numerous  than  those  entering  from  the  east.  This  is  to 
some  extent  true  of  Little  Sandy  river  though  it  is  not 
so  marked.  The  streams  flowing  east  and  southeast  flow 
with  the  dip  of  the  rocks  and  for  that  reason  they  eat 
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into  the  divide,  gradually  pushing  it  farther  from  the 
main  stream.  The  streams  on  the  east  side  flow  across 
the  strata,  which,  to  a  great  extent,  retards  the  action  of 
the  streams. 

MiSSISSIPPIAN. 

Waverly. — The  upper  sandstones  and  shales  of  the 
Waverly  are  the  oldest  rocks  found  in  the  area  under  dis- 
cussion. They  are  found  on  Tygart  creek  and  its  prin- 
cipal tributaries  from  Triplett  tunnel  to  the  Ohio  river, 
on  the  upper  waters  of  Big  Sinking  and  on  the  main 
streams  of  Rowan  county.  The  clays  of  this  geologic  age 
consist  of  shales,  which  are  often  suitable  for  paving 
brick  and  face  brick.  The  paving  brick  plant  on  Indian 
Run,  4  miles  southwest  of  South  Portsmouth,  is  using 
the  shales  of  the  Waverly  in  the  manufacture  of  paving 
brick. 

The  thickness  of  the  Waverly  above  the  surface  in 
the  vicinity  of  Morehead  is  about  400  feet.  In  the  vicin- 
ity of  Olive  Hill  its  thickness  above  surface  is  onlv  about 
50  feet. 

MississippiAN  Limestone. 

The  uppermost  member  of  the  Mississippian  in  this 
territory  is  represented  by  a  massive  limestone  that  is 
known  in  the  Kentucky  Geological  Survey  reports  as  the 
*' Sub-Carboniferous  limestone."  It  is  the  equivalent  of 
the  Maxville  limestone  in  the  Ohio  reports.  The  upper 
part  of  the  limestone  forms  the  floor  on  which  the  fire 
clays  of  the  Olive  Hill  district  rest. 

The  limestone  is  found  in  practically  the  same  terri- 
tory where  the  Waverly  occurs,  and  extends  a  few  miles 
farther  east  on  Big  Sinking.  It  is  exposed  in  the  stream 
bottoms  of  Gorman  Fork  from  Cory  to  the  mouth  of  Dry 
Fork;  on  Barretts  creek;  Everman's  creek,  Carter  coun- 
ty; and  North  Fork  of  Oldtown  creek,  Greenup  county. 
East  of  this  the  dip  carries  it  below  the  surface  where 
it  is  struck  in  oil  and  gas  wells  as  far  east  as  Ashland. 
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Tlie  tliickness  of  the  limestone  varies  from  tlie  thick- 
ness of  a  knife  ed^e  to  about  L30  feet.  The  latter  thick- 
ness was  oI)tained  at  the  rock  crusher  on  Smith's  creek, 
two  miles  above  Carter  Citv,  Carter  countv.  The  lime- 
stone  on  Tygart  creek  below  the  mouth  of  Bijj:  White 
Oak  creek  is  very  irre«:ular  in  thickness  and  in  some 
localities  it  is  entirely  wanting. 

The  irretj:ular  tliickness  is  due  to  the  fact  that  the 
limestone  was  subjected  to  an  erosion  interval  previous 
to  the  deposition  of  the  (V^nglomerate.  In  places  the  en- 
tire thickness  of  the  limestone  was  removed;  in  other 
places  only  a  ])art  was  removed. 

The  fire  clay  de])osits  of  the  Olive  Hill  district  are 
associated  with  and  owe  their  origin  to  the  Mississippian 
limestone  which  forms  the  floor  on  which  the  clav  rests. 

Pennsvlvanian. 

The  T^(»nnsylvanian  is  represented  by  the  Conglom- 
erate sandstone,  clays,  shales,  coals,  massive  sandstones 
and  limestone.  No  attempt  will  be  made  in  this  report 
to  separate  the  Pennsylvanian  into  its  usual  subdivis- 
ions. The  basal  member  of  the  Pennsylvanian,  the  Con- 
glomerate, rests  unconformably  on  the  Mississippian 
limestone.  In  some  of  the  clav  mines  there  is  a  bed  of 
black  shale  between  the  Conglomerate  sandstone  and  the 
Olive  Tfill  fire  clay,  in  other  places  the  shale  is  absent, 
the  Conglomerate  resting  directly  on  the  clay. 

At  Cory  near  tho  h(»adwaters  of  (rorman  Fork  of 
Tiittle  Sinking  tli<»r<»  is  evidence  of  a  decided  unconform- 
ity at  th<»  base  of  the  Conglomerate  sandstone.  This  is 
a  different  unconformity  from  the  one  at  the  top  of  the 
]\Iississi|)i)ian  lini(\st()ne  as  there  is  somc^tliing  like  40  to 
50  fe(»t  of  shale  h(»re  on  top  of  th(»  limestone*.  At  other 
])laces  farther  down  the  same  branch  the  Conglomerate 
comes  down  to  and  n^sts  directly  on  the  fire  clay.  Fig. 
1  shows  the  reflation  of  the  (\)ngl()nierate  to  tlu*  und(»r- 
Ivimr  shal(». 
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Showing  erosion  o[  Ehale  previous  to  deposition  of  conglomerate. 

1.  Conglomerate. 

2.  Shale. 

It  is  a  notieeable  fact  that  over  a  large  area  where 
tiie  Olive  Hill  fire  clay  is  present,  the  Conglomerate  sand- 
stone is  absent.  Tliis  may  be  due  to  a  lack  of  deposition; 
Init  it  is  more  probable  tliat  the  Conglomerate  was  de- 
jiosited  and  subsequently  eroded. 

The  Pennsylvanian  rocks,  except  in  a  few  localities 
along  some  of  the  stream  valleys  between  Little  Sandy 
and  Tyfjfart,  form  the  surface  of  the  entire  country  east  of 
Tygart  creek.  AVest  of  Tygart  creek  they  fonn  the  tops 
of  the  bills  as  far  west  as  the  divide  between  the  waters 
of  Tygart  and  Kinniconiok.  They  also  form  the  tops 
of  the  hills  in  southeast  and  southern  Rowan  County. 

There  are  two  horizons  in  tlie  Pennsylvanian  rocks 
where  clays  are  now  being  worked.  The  lowest  bed  of 
clay  comes  .iust  below  coal  number  4,  which  is  the  first 
coal  below  the  heavy  bedded  sandstone  that  forms  the 
high  cliffs  between  Ashland  and  Catlettsburg.  This 
sandstone  is  called  "Hoinewood  sandstone"  by  Phalen 
in  Bulletin  349  U.  S.  Geological  Sur\ey, 

The  up})er  and  most  important  clay  deposit  on  ac- 
count of  its  (jnality,  extent  and  thickness  is  associated 
with  the  Ferriferous  limestone.  It  has  been  or  is  now 
being  worked  at  Willard,  Hitcliins,  Denton,  Music  and 
Ashland,  Tliese  various  deposits  will  be  described  in 
detail  later. 
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Recent. 

The  Recent  deposits  consist  of  the  alluvium  of  the 
streams.  It  is  found  extensively  on  the  flood  plains  of 
the  Ohio,  Little  Sandy  and  the  lower  waters  of  Tygart 
creek,  and  to  a  less  extent  on  many  of  the  smaller 
streams.  On  a  larj^e  numl)er  of  tlie  streams  the  gradient 
is  so  great  that  there  is  very  little  flood  plain  deposit. 

CHAPTER  III. 

The  Olive  Hill  District. 

The  Olive  Hill  fire  clay  district  is  the  most  import- 
tant  one  in  Kentucky.  It  has  a  \argti  area  underlaid  by 
high  grade  refractory  clays  that  are  now  being  mined 
and  a  still  larger  area  untouched.  There  are  now  six 
large  fire  brick  plants  and  one  calcine  plant  in  the  dis- 
trict and  four  others  in  the  State  using  clay  from  this 
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Olive  Hill  Flint  Clay,  showing  concholdal  fracture. 
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district.  In  addition  a  large  amount  of  raw  clay  is 
shipped  to  fire  brick  plants,  potteries,  glass  pot  works, 
etc.,  in  Ohio  and  Pennsylvania.  The  production  of  fire 
brick,  clay  and  calcine  in  Kentucky  for  1911  is  valued  at 
$989,606.00,  rnost  of  which  is  from  this  district.  The 
fire  clay  industry  in  this  region  is  yet  in  its  infancj'. 
Two  new  plants,  included  in  the  above  statement,  will 
have  been  completed  before  tliis  report  reaches  the  press 
and  others  are  projected. 

Practicxally  the  only  development  that  has  been  made 
of  the  fire  clays  has  been  along  the  Lexington  Division 
of  the  Chesapeake  and  Ohio  Railway  from  Ashland  to 
Morehead,  and  on  the  main  line  of  the  Chesapeake  and 
Ohio  from  Ashland  to  Cincinnati.  There  is  a  large  area 
between  Olive  Hill  and  EUiottville,  on  the  upper  waters 
of  Tygart  and  Big  Sinking,  that  is  underlaid  by  an  excel- 
lent quality  of  plastic  and  flint  fire  clays. 

Another  extensive  area  of  undeveloped  clay  lies  be- 
tween Olive  Hill  and  Soldier,  north  of  the  Chesapeake 
and  Ohio  Railway. 

Thick  deposits  of  clay  are  also  found  on  the  west 
side  of  Tygart  from  Olive  Hill  to  the  Ohio  river  and  to 
some  extent  on  the  east  side  of  the  same  creek,  especially 
in  the  hills  facing  the  Ohio  river  north  of  Greenup. 
However,  the  clay  found  in  the  lower  half  of  the  Tygart 
drainage  is  found  to  possess  more  iron  and  other  impuri- 
ties than  the  clays  of  the  upper  waters.  While  this  as 
a  general  thing  is  the  rule,  there  are  exceptions  to  this 
statement. 

Olive  Hill  Fire  Brick  Company. — The  Olive  Hill 
Fire  Brick  Company  in  1895  established  the  first  fire 
brick  plant  in  Olive  Hill  district.  It  is  located  on  the 
Chesapeake  and  Ohio  Railway  at  the  mouth  of  Perry's 
branch  in  the  western  edge  of  Olive  Hill. 

Soon  after  the  plant  was  built  the  '* Burnt  House" 
mine  was  opened  which  supplied  clay  for  the  plant  until 
recently.  The  mine  was  located  on  Perry's  branch  about 
one  mile  north  of  the  plant.  The  clay  was  hauled  to  the 
mine  over  a  narrow  gauge  railroad  in  small  cars  drawn 
by  a  *' dinky  engine."  This  was  one  of  the  most  remark- 
able fire  clay  deposits  that  has  been  opened  in  the  dis- 
trict.   It  was  the  fire  brick  made  of  the  ** Burnt  House" 
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mine  clay  that  establislied  the  liigh  roputation  tliat  the 
Olive  Hill  fire  brick  has  since*  enjoyed. 

The  clav  in  tliis  mine  woukl  averat^e  about  16  feet 
in  thickness,  but  in  ))hices  it  was  27  to  liO  feet  thick. 

A.  F.  Greaves-Walker,  in  Volume  JX,  Transactions 
of  the  American  (\»raniic  Society,  gives  the  following  de- 
scription of  the  Burnt  House  mine  when  it  was  being 
opca-ated : 

**Five  different  and  distinct  kinds  of  clay  make  up 
this  vein,  showing  fire  clay  in  all  of  its  forms,  from  plas- 
tic to  its  verv  hardest  condition.  On  the  sandstone  bot- 
tom  lies  the  *s(»mi-hard,'  *  semi-flint'  or  'hard  soft,'  as  it 
is  variously  named.  This  is  a  clay  ai^f)arently  in  the 
transition  state  between  a  plastic  and  a  flint.  It  is  not 
really  plastic,  but  being  given  a  wet  pan  treatment,  it 
will  develop  a  good  deal  of  plasticity,  enough  to  bond 
itself.  On  exposure  to  the  atmosphere,  it  slakes  into 
sharp  cornered  cube-like  masses,  yet  it  breaks  with  an 
even  rock  fracture  instc^ad  of  an  even  conchoidnl  oiu^  It 
occurs  through  the  whole  vein  and  ranges  from  a  few 
indices  to  20  feet  in  thickness. 

**]t  occurs  in  a  number  of  colors,  white,  buff,  red, 
black,  gray  and  gray-spotted  with  red.  These  c'olors  are 
due  to  vegetable  matter  and  burn  out,  leaving  a  clear 
cream  color.  It  is  not  easilv  shot,  as  it  is  full  of  *  slick 
seams,'  showing  movement  of  the  bed  when  the  clay  was 
in  a  more  plastic  condition." 

*'P\)llowing  are  several  analyses  of  semi-flint  from 
Burnt  House  Mine: 

TABLE   No.  1. 

No.  1  No.  2  No.  3  No.  4  No.  5     No.  6     No.  7  No.8 

Silica    44.52  43.56  43.82  42.29  53.07     50.64     51.70  43.04 

Alumina  40.81  42.87  39.67  39.01  42.36     43.24     43.79  40.97 

Oxide  of  iron 1.03  .81  1.09  2.43  2.62       3.59       2.94  2.27 

Lime   62  1.30  1.43  1.09  .64       1.24         .62  .74 

Magnesia    55  .21  .11  .73  .36         .45         .67  .17 

Loss  on  ignition. ...12.11  9.86  11.96  13.76      12.52 

Alkalies   83         .50         .70      

Fusion  point  in 

cones  34  34  33  34  33  to  34  32  to  33 

''Xos.  ;■),  ()  and  7  calcined  samijles;  1,  -I,  and  T)  giny  to 
black  in  color;  2,  *J,  and  (5  white;  7  and  S  r(»(l. 
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Analyses  by  Davidson,  Ries,  and  Greaves- Walker. 

**  Above  tliis  semi-flint,  the  regular  No.  1  flint  occurs. 
It  is  light  cream  in  color,  very  pure  and  breaks  with  a 
clean,  conchoidal  fracture.  It  is  very  evenly  distributed 
through  the  vein,  averaging  a])out  8  feet.  It  is  quite  brit- 
tle, and  hence  bores  and  shoots  easilv. 

**As  the  following  analyses  will  show,  it  is  probably 
one  of  the  purest  clays  in  the  world.  It  will  be  noted 
that  the  chemical  water  content  is  generally  above  that  of 
kaolinite.     The  high  fusion  point  is  also  notable. 

TABLE  No.  2. 

No.  1  No.  2     No.  3  No.  4  No.  5  No.  6  No.  7 

Silica   45.65  43.76     44.31  46.20  43.58  43.38  52.81 

Alumina 39.96  40.21     39.50  39.35  40.86  40.35  42.08 

Oxide  of  iron 14  .53         .56  .10  .76  .85  3.26 

Lime    21  .88         .60  .15  .29  1.26  .42 

Magnesia    12  .06        Tr.  .09  .14  .23  .45 

Alkalies    18  22  .24  40 

Loss  on  ignition 13.75  14.12     14.03  14.00  14.43  13.41      

Fusion  point  in  cones..35  to  36  35  to  36  35  to  36 34 

No.  7  calcined  sample. 

AxAi.vsEs  BY  Davidson,  Ries  and  Greaves- Wai^ker. 

^ '' Sandy  flint '  and  *  high  silica  flint'  is  the  name 
given  to  a  flint  clay  which  replaces  the  No.  1  flint  on  the 
outer  edges  of  the  l(»nse-sliaped  deposits.  The  matrix  is 
of  the  same  composition  as  the  No.  1,  but  is  full  of  small 
crystals  of  pure  quartz.  The  percentage  of  silica  de- 
creases on  working'  away  from  the  edge  of  the  deposits, 
and  entirely  disappears  about  100  feet  in.  For  the 
amount  of  free  silica  ])resent,  this  clay  stands  a  remark- 
able heat  test,  and  it  is  very  valuable  for  purposes  where 
a  brick  of  high  silica  content  is  required.  Analyses  of 
*sandy  flint'  follow: 

TABLE   No.  3. 

No.  1  No.  2  No.  3  No.  4  No.  5 

Silica    57.68  50.90  58.34  58.14  50.87 

Alumina    27.95  38.00  33.34  26.39  36.02 

Oxide  of  iron 1.62  Tr.  1.02  1.26  .59 

Lime    51  .80  .72  .84  .53 

Magnesia    24  Tr.  .36  Tr.  .17 

Loss   on   ignition 11.52  10.10  6.13  14.07  11.42 

Fusion  point  in  cones 33  to  34  34  to  35  34  to  35     34 

Analyses  by  Greaves-W^alker. 


618  First  Annual  Beport 

'*  A  most  roinarkablo  freak  elav  occurs  above  the  Xo. 
1  flint.  This  is  known  as  *aluminite'  or  *high  alumina 
flint.'  It  was  fully  described  in  a  note  in  Vol.  VIT  of  the 
Transactions  Anu^rican  Ceramic  Society,  so  that  it  will 
not  a«:ain  l)e  n(*cessary  to  iiio  into  particuhirs  here.  This 
day  is  not  found  generally  throughout  the  Kentucky 
de])osits,  in  fact,  the  only  occurrence  so  far  as  is  now 
known,  is  the  one  in  this  mine.  It  does  not  slake  on  ex- 
posure to  th(»  weatlier,  and  is  extremely  hard,  breaking 
with  a  rock  fracture.  Analyses  follow: 

TABLE  No.  4. 

No.  1  No.  2  No.  3  No.  4 

SiHca    39.56  34.76  39.01  37.21 

Alumina  43.35  48.50  42.01  43.76 

Oxide  of  iron 2.57  1.26  4.04  3.53 

Lime 56  .76  .68  .88 

Magnesia  50  .11  .45  .06 

Loss  on  ignition 13.09  14.08  14.00  14.12 

Fusion  point  in  cones 36  36  34 

Analyses  by  Davidson,  Ries  and  Greaves-Walker. 

Aboye  the  flint  clay  he  describes  the  Xo.  2  plastic 
clay  and  giyes  the  following  analyses: 

TABLE  No.  5. 

No.  1  No.  2 

Silica    47.08  47.08 

Alumina  36.12  39.86 

Oxl'le  of  iron 2.08  .88 

Lime   /  og  Tr. 

Magnesia   ^  "  Tr. 

Loss  on  ignition 13.75  12.34 

Fusion  point  in  cones 33  34 

Analyses  by  Greaves-Walker. 

A  remarkably  |)ure  plastic  chiy  from  the  Blanken- 
shii)  uiiiK^  was  analyzed  by  (JreavesAValker  with  the  re- 
suits  ^yen  in  No.  2  of  the  last  table. 

The  company  is  now  ^ettintr  its  clay  from  the  Quails' 
mine,  near  the  headwaters  of  Perry's  branch,  and  from 
the  Montii^omery  mine  on  the  waters  of  Trou,ij:li  Camp 
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creek.  The  latter  mine  is  about  five  miles  from  Olive  Hill 
and  is  connected  with  the  plant  by  a  narrow  gauge  rail- 
road. 

At  the  Quails'  mine  the  clay  is  six  feet  thick  on  an 
average  with  about  two  feet  of  flint,  and  four  feet  of  No. 
2  plastic.  The  two  clays  are  found  in  the  same  vein.  In 
some  places  there  are  from  one  to  one  and  a  half  feet  of 
'* semi-hard"  clay  which  as  the  name  signifies,  is  a  grade 
between  the  flint  and  the  plastic  clays. 

** Silica  boulders"  are  found  in  the  mine.  These  bould- 
ers contain  more  or  less  alumina  and  are  refractory. 
When  placed  in  the  air  for  a  time  they  slack  into  fine  par- 
ticles very  similar  to  clay.  They  are  found  in  all  parts 
of  the  clay  bed  but  more  frequently  they  occur  near  the 
top  of  the  clay.  Impressions  of  calamites  are  found  in 
the  silica  boulders.  Near  the  top  where  they  come  in  con- 
tact with  the  shale  roof  the  color  of  the  silica  changes 
from  dark  to  gray  and  white  farther  down.  Small  angular 
fragments  of  flint  clay  are  occasionally  found  imbedded 
in  the  '^silica  boulders."  The  edges  of  the  fragments  are 
very  sharp  showing  they  have  been  carried  only  a  short 
distance  and  deposited  in  the  siliceous  material  by  a  very 
sluggish  current. 

The  No.  2  plastic  clay  may  be  of  a  dark  color  due  to 
the  presence  of  organic  matter.  Impressions  of  leaves, 
reeds  and  other  organic  remains  are  very  conmion  in  the 
plastic  clay  which  may  be  mistaken  for  a  black  shale. 

The  flint  clay  is  separated  at  the  mine  into  No.  1  and 
No.  2.  The  No.  1  is  of  a  light  gray  color,  smooth  to  the 
touch,  has  an  amorphous  structure  and  breaks  with  a  de- 
cided conchoidal  fracture.  On  close  examination  it  shows 
an  oolitic  structure  very  similar  to  the  oolitic  Chester 
limestone. 

The  No.  2  flint  is  less  uniform  in  color  than  the  No. 
1,  and  frequently  contains  small  grains  of  pyrite  or  marc- 
asite.    Otherwise  it  is  similar  to  the  No.  1  flint. 

There  is  a  thin  vein  of  coal  one  to  two  inches 
thick  on  top  of  the  fire  clay  with  about  eight  feet  of  black 
shale  roof  above  the  coal.  The  shale  is  fill  3d  with  leaf 
impressions. 

The  Montgomery  mine  was  just  being  opened  at  the 
time  of  the  writer's  visit  and  but  little  could  be  observed. 
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The  bri(»k  plant  ineludiiig  the  grindinji:  rooms,  dry 
floors,  kilns  and  stock  sheds  covers  more  than  an  acre  of 
ground.  The  clay  is  brought  to  the  plant  at  the  rate  of 
al>out  60  to  75  car  loads  a  dav.    The  cars  hold  al>out  one 

• 

ton  of  clav  each.  The  clav  is  used  as  it  comes  from  the 
mine  without  washing  or  storing. 

The  various  grades  of  clay,  No.  1  and  Xo.  2  flint, 
semi-hard  and  i)lastic,  are  all  sei)arated  in  the  mines  as 
they  are  loaded  into  the  cars,  and  each  car  tagged  with 
the  kind  of  clav  it  contains  and  the  name  of  the  miner 
who  loaded  it. 

Two  large  dry  pans  and  one  Griffin  mill  are  used  to 
grind  the  raw  clay  as  it  comes  from  the  mine.  Certain 
definite  proportions  of  ground  flint  clay,  calcine  and  plas- 
tic clay  are  mixed  and  re-ground  in  wet  pans  with  suffi- 
cient amount  of  water  to  render  the  mixture  a  stiff  mud. 

There  are  two  general  features  that  govern  the  man- 
ufacture of  high  refractory  brick.  The  first  and  most  es- 
sential is  to  get  a  clay  that  will  successfully  stand  up 
under  a  high  degree  of  heat.  The  second  is  to  get  a  clay 
that  has  a  minimum  amount  of  shrinkage.  The  Xo.  1 
flint  is  regarded  as  the  most  refractory  clay  in  the  dis- 
trict, but  it  is  practically  void  of  plasticity.  It  contains  a 
large  percentage  of  water  which  gives  it  a  high  shrinkage 
ratio.  The  i^lastic  clays,  which  are  used  as  tlie  bond,  are 
likewise  high  shrinkage  clays.  To  over(»ome  the  shrinkage 
calcine  is  mixed  with  the  flint  with  sufficient  plastic  clay 
to  make  a  substantial  brick. 

t^alcinc*  is  made  from  t\w  best  grade  of  flint  or  *' boul- 
der clay"  as  it  is  fr(»(|uently  called.  Where  the  calcine  is 
to  be  used  in  the  manufacture  of  fire  brick  less  caution  is 
us(»d  in  sekM'ting  the*  raw  clay  than  where  the  calcine  is 
to  be  used  in  \\w  manufacture  of  gh\ss  pots.  The  i)roduc- 
tion  for  ghiss  jKjt  works  will  be  found  under  the  descrip- 
tion of  the  Olive  Hill  Calcine  Com])any. 

When  the  flint  clay  is  calcined  it  is  f)laced  in  a  kiln 
and  subjected  to  a  high  heat  until  all  the  chemically  com- 
bined water  is  driven  olT.  This,  of  course,  dc^stroys  what 
little  amount  of  plasticity  it  originally  had,  but  the  ob- 
ject in  calcining  the  clay  is  to  eliminate  the  shrinkage. 
When  the  mixture  is  finely  ground  the  bonding  material 
shrinks  around  the  fragments  of  the  non-shrinkable  cal- 
cine and  a  very  durable  brick  is  produced. 
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Tlie  color  of  the  calcine,  and  likewise  the  brick,  is 
controlled  to  some  extent  in  the  burning.  If  the  drafts 
are  left  wide  open  and  the  product  is  burned  in  tlie  pres- 
ence of  a  great  amount  of  oxygen  the  burned  product  will 
be  cream  colored  to  white.  If  the  drafts  are  closed  and 
very  little  oxygen  is  permitted  to  enter  the  kiln  the 
material  ha^'  a  dark  to  nut-brown  color.  The  latter  color 
is  desired  by  some  lines  of  trade. 

The  formula  of  the  various  mixtures  used  bv  the  dif- 

ft/ 

ferent  plants  in  the  district  are  kept  more  or  less  a  secret. 
There  are  three  materials  that  enter  into  the  manufac- 
ture of  the  high  grade  fire  brick  of  this  district.  These 
are  flint  clay,  calcine  and  plastic  clay.  The  raw  clays  are 
all  highly  refractory  and  likewise  have  a  high  shrinkage 
ratio.  A  great  amount  of  labor,  time  and  expense  have 
been  spent  in  getting  the  proper  mixtures  of  flint,  calcine 
and  plastic  clays  in  producing  a  brick  that  will  stand  the 
wear  and  the  heat  to  wiiich  they  are  subjected.  This  is 
done  by  combining  definite  proportions  of  flint,  calcine 
and  plastic  clay.  In  blast  furnaces  there  are  four  grades 
of  fire  brick  used,  viz.:  Bottom,  Hearth  and  Bosh,  Inwall 
and  Top.  The  Top  bricks,  where  the  ore  enters,  must  be 
made  to  stand  a  great  amount  of  abrasion  as  well  as  heat. 
To  produce  this  kind  of  brick  from  a  refractory  clay  with 
a  high  shrinkage  ratio  a  great  amount  of  calcine  with 
sufficient  plastic  clay  to  bond  it,  is  used  and  the  material 
finely  ground. 

In  the  Inwall,  which  comes  just  below  the  Top,  the 
abrasion  is  lessened  and  the  brick  is  made  with  a  corre- 
sponding smaller  proportion  of  calcine  and  with  an  in- 
creased amount  of  flint  clay.  The  pro])ortion  of  flint  clay 
increases  in  the  Hearth  and  Bosh,  and  in  the  Bottom. 

The  finer  the  mixtures  are  ground  the  stronger  the 
brick  and  the  greater  the  amount  of  abrasion  it  will  stand. 
This  kind  of  brick  has  a  clear  ring  when  struck  with  a 
hammer,  whereas  a  brick  made  of  the  coarsely-ground 
materials  is  brittle,  stands  very  little  abrasion,  and  has  a 
dull  lifeless  ring.  However,  some  lines  of  work  demand 
the  brick  made  of  the  coarsely-ground  materials  which 
take  up  the  heat  and  absorb  it  more  readily  than  the 
bricks  of  finer  texture. 
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The  plant  has  a  daily  capacity  of  50,000  bricks.  All 
of  the  high  grade  bricks  are  molded  by  hand.  The  plain 
bricks  are  first  molded  in  hand-molds  and  placed  on  a 
cement  dry-floor,  which  is  heated  from  beneath  by  the 
exhaust  from  the  engines.  They  are  allowed  to  dry  for 
a  period  of  about  six  hours  when  they  are  taken  up  and 
repressed  in  a  small,  hand-power  repress.  They  are  then 
replaced  on  the  dry  floor  and  thoroughly  dried  when  they 
are  placed  in  the  kiln.    The  bricks  rarely  check  in  drying. 

The  repress  makes  the  bricks  more  compact, 
smoothes  the  faces  and  corners  and  imprints  any  desired 
name  or  design  on  the  face  of  the  brick. 

One  man  will  mold  4,600  standard-size  bricks  in  a 
day  of  5  to  6  hours. 

All  ** shaped"  bricks  and  large  blocks  are  made  of 
very  stiff  mud  and  not  repressed.  It  requires  more  care 
and  time  to  make  the  shaped  bricks  than  those  tliat  are  to 
be  repressed.  The  shax)ed  bricks  are  dried  in  the  same 
manner  as  the  others.  When  the  air-drying  is  about  half 
completed  the  corners  and  faces  of  the  shaped  bricks  are 
dampened  and  smoothed  with  a  wet  trowel.  This  to  some 
extent  takes  the  place  of  repressing. 

In  addition  to  the  hand-molded  bricks  the  company 
has  two  Cliambers  soft-mud  brick  macliines  of  15,000 
each,  daily  capacity.  These  can  be  regulated  to  make  dif- 
ferent sized  bricks.  The  cheaper  grades  of  brick  are 
machine-molded. 

An  extra  high  refractory  brick  is  made  by  this  com- 
pany from  magnesite  which  comes  from  Austria.  It  is 
roasted  or  calcined  in  Europe  to  drive  off  all  the  water 
and  render  it  as  light  as  possible  before  shipping.  Bricks* 
made  of  ina/^nosito  are  very  much  used  for  Uning  electric 
furnaces,  cement  kilns,  copper  and  basic  steel  furnaces. 
Magnesite  biicks  are  more  resistent  to  the  corrosive 
action  of  ba.sie  slags  and  molten  metals  than  bricks  mad«^ 
of  silicate  of  alumina. 

Magnesite  is  a  carbonate  of  magnesium  (Mg  COS) 
and  contains  52.4  i)er  cent  of  carbon  dioxide  and  47.6  per 
cent  of  ma'2:nesia.  It  is  found  associated  with  serpen- 
tinet  rocks  from  which  it  is  supjiosed  to  be  derived. 


•F.    K.    Hoss,    Hull.   a:»5,    i:.    S.   Oeol.    Surv(»y,    pat;e   11. 
tlbid. 
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The  magnesite  as  it  comes  from  the  roaster  is  in 
small  irregular  fragments  and  has  a  slightly  reddish 
tinge.  It  is  finely  ground  and  mixed  with  enough  water  to 
make  a  stiff  mud.  Magnesite  after  it  is  calcined  has,  when 
finely  ground  and  mixed  with  water,  the  peculiar  prop- 
erty of  becoming  plastic.  The  bricks  are  molded  by  hand. 
A  great  amount  of  care  is  used  in  drying.  They  are  dried 
on  the  steam-heated,  cement,  dry-floor  for  one  day,  then 
stacked  in  a  large  pile  in  the  same  dry  room  w^iere  they 
remain  for  another  day.  They  are  then  taken  into  a 
cooler  room  where  they  are  ricked  up  in  large  stacks  and 
allowed  to  remain  for  four  or  five  days  longer.  From 
here  they  are  taken  to  the  kilns. 

The  Olive  Hill  Fire  Brick  Company  has  24  kilns  of 
70,000  to  80,000  each,  capacity.  Four  kilns  are  used  for 
burning  calcine  and  20  for  burning  bricks.  The  type  of 
kiln  used  is  the  round,  down-draft,  twin  kiln.  Coal  is 
used  as  the  fuel.  It  requires  about  7  days  to  burn  a  kiln 
of  bricks.  About  4  days  are  required  to  get  a  kiln  to  a 
good  red  heat.  The  temperature  is  gradually  raised 
from  red  to  a  white  heat  w^here  it  is  held  for  about  36 
hours.  In  making  bricks  of  a  highly  refractory  clay  like 
that  found  in  the  Olive  Hill  district  the  trouble  is  more 
likely  to  be  in  under  burning  the  ware  than  overburning 
it. 

Fire  bricks  from  this  plant  are  shipped  to  the  Pitts- 
burg iron  and  coke  district,  and  to  the  Michigan  and  the 
Birmingham  iron  districts.  A  large  amount  of  the  brick 
is  made  in  special  molds  for  various  purposes.  Railroad 
locomotives  require  a  specially  prepared  brick  to  stand 
the  rough  wear  and  the  heat  to  which  they  are  subjected. 
The  Olive  Hill  fire  brick  has  been  found  to  give  excellent 
service  for  this  class  of  work. 

Harbison-Walker  Refractories  Company. — In  1901 
the  Harbison- Walker  Refractories  Company  of  Pitts- 
burg, Pennsylvania,  established  a  fire  brick  plant  in  Olive 
Hill.  The  plant  is  located  on  the  w^est  side  of  Henderson 
branch  in  the  western  part  of  Olive  Hill. 

Garvin  (Mud  Lick)  Mine. — The  mine  from  which 
the  clay  is  obtained  is  located  on  the  south  side  of  Trough 
Camp  branch,  three  miles  northwest  of  Olive  Hill.  The 
clay  is  conveyed  to  the  plant  over  a  narrow  gauge  rail- 
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road,  in  small  cars  drawn  bv  an  (Miiirino.    Twenty  to  tliirtv 
cars  of  dav  an^  drawn  at  a  tinu». 

Tli(^  rid*j:<*  I)etwo(»n  Ilc^ndcrson's  l>rancli  and  Trough 
('amp  rist'^  to  an  (»lcvation,  barometic  roa<lin«r,  of  1025 
feet  above*  sea  1(»V(»1.  Tlie  elevation  of  the*  mouth  of  Gar- 
vin niin<»  is  !>.*{()  feet  above  s(»a  lev(»l. 

Tli(»  dividin^r  ridge  between  t\w  above  nuMitioned 
streams  is  |)en(»trate<l  by  a  tunnel  through  which  tin*  rail- 
road is  built.  The  tunnel  was  built  through  tin*  hill  on 
the  fin*  clay  which  was  used  at  the*  plant. 

Th(»re  an*  two  divisions  of  the*  (larvin  mine*,  one  on 
the  (»ast  side  and  the*  other  on  t\w  west  side  of  a  little 
branch  which  flows  north  into  Trough  Camp  l)ranch. 

The  clay  is  first  worked  around  the  (»dg(»s  of  the  hills 
by  op(»n  (fitting  or  turning  the  ov(»rbunl(»n  until  th(»  lat- 
t(»r  lH*(M)mes  too  thi(*k  to  b<»  profitably  woike<l.  Tunnels 
are  th(»n  driven  into  th(»  hill  and  rooms  oi)en(Ml  on  (»itlier 
side  similiar  to  a  coal  min<». 

IIoI(*s  are  bored  into  the  soli<l  b(*(l  of  clav  bv  means 
of  hand  augers  or  ''clav  drills,"  and  the  (*lav  blast(»d  out 
with  black  powder.  It  r<M|uir(»s  about  five*  minut(»s  to 
bore  a  4-foot  hole  in  the  clav. 

(larvin  mine  has  Ikmmi  one  of  the  best  clay  produc(*rs 
in  the  distiict.  It  was  opened  in  liMM)  and  has  In^eu 
worked  constant Iv  since.  The  west  (Mitrv  has  been  driven 
l!l(M)  feet  into  the  hill  and  the  clav  is  l*rom  4  to  10  feet 
thick  exclusiv(-  of  the  bottom  ''pink  <»y(». "  Th(»  following 
s(»ction  which  is  an  average  on<«  was  measured  in  the 
mine: 

Feet     Inches. 

Sandstoiu'.  lino  grained 

Black  ••Hiicklel)erry  shale"  .    .  10 

('oal    2 

Plastic  clay  with  leaf  impressions 2 

*'Boulder-flint"  clay  with  leaf  impressions 3 

"Semi-hard"  clay 3 

*'Pink  eye"  calcareous  clay  3 

Limestone 
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Fig.  2. 

Section  at  Garvin  Mine,  Olive  Hill,  Ky. 

1.  Fine  grained  Sandstone. 

2.  Black  Shale. 

3.  Coal. 

4.  Plaatlc  Clay  with  leaf  Impreaslona. 

5.  Flint  Clay  with  leaf  impressions. 

6.  Semi-hard  Clay. 

7.  "Pink  Eje-'  Clay. 

8.  Limestone. 

Tlie  black  shale  wliicli  fonns  fJio  roof  of  most  of  tlie 
clay  mines  of  the  district  is  known  locally  as  "Iluekle- 
boiTy  shale."  Tlie  little  coal  seam  at  the  base  of  the 
shale  is  known  as  " Hiicklelwrry  coal."  The  latter  is 
nsiially  one  to  three  inches  thick  in  the  vicinity  of  Olive 
IMU  jiini  tliickeiis  to  the  east.  It  is  vpit  persistent  through 
ont  the  Olive  Hill  fire  clay  belt. 

The  ])lastie  clay  :it  the  top  of  the  deposit  is  usually 
dark  colored,  the  color  beihfr  due  to  the  presence  of  vpfre- 
table  matter.  The  Hint  and  senii-liard  varieties  are  of  a 
rich  Kray  color,  and  are  f!;reasy  to  the  touch.  A  small 
amount  of  iron  is  present  in  the  plastic  clay,  whereas  the 
Hint  and  semi-hard  clays  bum  to  a  liffht  cream  or  white. 

An  extra  pure  deposit  of  flint  clay  was  encountered 
ill  tlie  southeast  part  of  the  mine  and  is  known  as  "Bess- 
emer Hint."  It  is  said  to  be  the  purest  form  of  clay 
found  in  the  district,  but  no  analysis  of  it  could  be  ob- 
tained. It  is  doubtless  the  equivalent  of  the  "ahiminite" 
of  Oreaves-"\Valker. 

Lense-shaped  bodies  of  a  fine-j!;rained  sandstone  are 
found  to  a  greater  or  less  extent  in  these  mines.    They 
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are  known  as  ** silica  boulders"  or  '* nigger  heads."  They 
usually  occur  in  the  top  of  the  clay  although  one  instance 
was  found,  at  Ilayward,  where  they  came  in  from  the 
bottom.  On  close  examination  they  are  found  to  contain 
minute  grains  of  sharp  sand  cemented  with  fire  clay.  They 
are  remarkably  free  of  iron  and  other  impurities. 

As  may  be  expected  from  their  composition  *they  are 
very  refractory,  and  are  used  by  the  Harbison- Walker 
Company  in  the  manufacture  of  a  fire  brick  which  is 
known  as  **free-bond  silica  brick."  The  silica  is  ground 
and  faithfully  mixed  with  sufficient  ])lastic  clay  to  bond 
the  sand  particles,  and  burned.  A  very  satisfactory  brick 
is  thus  produced  which  is  equal  if  not  superior  to  the 
famous  Dinas  brick  of  England.  They  have  given  good 
service  where  the  abrasion  is  not  too  great. 

The  writer  was  unable  to  get  the  formula  of  the 
mixes  used  in  the  manufacture  of  the  **free-bond  silica 
bricks"  so  that  comparison  with  the  Dinas  fire-brick  and 
the  German  and  the  French  silica  bricks  is  impossible.  It 
may  be  interesting  to  note  here  the  nature  of  the  foreign 
silica  bricks. 

The  English  Dinas  fire  brick  are  made  of  the  jiurest 
form  of  quartz  faithfully  mixed  with  alumina,  lime  and 
magnesia.  The  alumina  usually  contain  a  small  amount 
of  oxide  of  iron.  They  are  much  used  at  Swansea  in  the 
construction  of  copi)er  furnaces.  The  average  composi- 
tion of  these  bricks  consists  of  about  96  per  cent  of  silica 
and  4  per  cent  of  fiuxes,  2  per  cent  of  which  is  lime,  1.2 
per  cent  of  alumina  and  the  remainder  iron  oxide  and 
magnesia. 

A  siliceous  fire  )>rick  is  made  in  Austria,  according  to 
C.  T.  Davis  in  his  book  on  the  Manufacture  of  Bricks, 
Tiles,  Terra  Cotta,  etc.  It  is  made  of  16  parts  of  quartz, 
to  one  of  j)lastic  clay.  The  quartz  is  first  placed  in  a 
roasting  oven  and  at  the  end  of  twelve  hours  it  is  raised 
to  red  heat,  tnken  ont  and  thrown  into  water.  The  quartz 
is  then  crushed  and  mixed  with  the  clay  which  is  "round 
to  pass  through  a  600  mesh-screen. 

The  bricks  are  then  molded  and  subjected  to  a  heavy 
pressure  before  they  are  removed  from  the  molds.  They 
are  then  removed  and  dried  for  seven  davs  when  thev  are 


*See  analyses,   on  another  page  of  this   report. 
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ready  to  be  set  in  the  kiln.  It  requires  seventy-two  hours 
to  raise  them  to  a  strong  white  heat.  The  fires  are  then 
withdrawn  and  the  entire  kiln  ceiled  air  tight  and  allowed 
to  remain  in  this  condition  for  thirty-six  hours.  The 
charging  place  is  then  gradually  opened  and  the  bricks 
are  permitted  to  cool  slowly  for  about  seventy  hours 
more  when  they  may  be  removed. 

Some  interesting  core-holes  were  made  on  the  Har- 
bison-Walker Company's  land  in  the  vicinity  of  Olive 
Hill.  The  following  records  w^ere  furnished  the  writer 
by  Mr.  0.  S.  Boggs,  Superintendent  of  the  mines. 

(1)  Core-Drill  Hole  at  Head  of  Perry's  Branch. 

Feet 

Surface 10 

Shale 55 

Sandstone  3 

Mississippian  limestone. 

(2)  Core-Drill  Hole  on  Henderson's  Fork  of  Perry's  Branch. 

Feet    Inches. 

Surface 10 

Sandy  shale  20 

Black  slate  (shale)  25 

Flint  clay  11  8 

Semi-hard   clay   5 

"Pink  eye"  clay  3  4 

(3)   Core  Drill   Hcle  on  Trough  Camp   Branch. 

Feet    Inches. 

Surface  8 

Shale    : 27 

Sandstone 4 

Slate  (shale)  28 

"Huckleberry  coal"  „  2 

Top  "pink  eye"  clay  which  is  a  pinkish  clay  that 
burns   white.    NDt  present  throughout  the 

district ....:.:..::..:...'.: 3        10 

Slate  (shale)  :..' 18 

Hard  flint  clay  ...:.: 4 

Semi-hard   clay   3 

Lower  "pink  eye"  clay  2 

Limestone. 
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(4)   Core-Drill   Hole  on  Trough  Camp  Branch. 

Feet 

Surface  12 

Slate   (shale)   28 

"Huckleberry  shale"  4 

Shale   36 

Sandstone  3 

Hottoni  "pink  eye"  11 

Limestone- 

TIu*  nvDnls  an»  roprodiict^d  as  tlioy  wiM'i*  ^iv(»ii  from 
Mr.  Hoofjr*^'  iiotc^s  mado  wlu^ii  tho  holes  wrro  l)on»(l,  i»x- 
oopt  wIuM't*  he  has  ^iv(»n  '*shit(»"  the  writer  has  used  the 
word  "shaU»"  in  hraekets  '*  [      ]  ". 

Tile  <lrill  hoU»s  were  made  for  the  jmrpose  of  de- 
termininii:  the  pri^seiiee,  and  if  i)resent,  the  thickness  an<l 
eliaraoter  of  tlie  tin*  ehiv. 

It  will  he  noted  in  studvinir  thi*  n^eonls  that  no  <*hiv 

•      «  • 

of  anv  kind  was  found  in  hoh»  Xo.  1.  The  Iluekleherrv 
slnde  and  th.e  thin  eoal  that  eonu^s  l)etwt»en  this  shah»  and 
the  tin*  ehi\  wt»n*  also  ahsent. 

In  holt*  N\k  'J  tlu»  eoal  was  not  found,  hut  a  thick  de- 
posit of  tiint,  stMni-hard  and  "pink-eye''  clays  was  pene- 
trattMl. 

In  hoU»  Xo.  .*>  an  IS-foot  of  shale  wa<  I'onnd  hetwec^n 
tlu»  tlint  i*lay  and  the  little  coal  seam.  Such  a  thickness  of 
shale  at  this  sreolosric  hi>rizon  is  unusual.  Rut  for  the 
presenct^  of  the  roal  st»am  ahovt*  tlu»  '*top  pink  t»ye"  clay 
the  writer  wi>uld  he  inclint^l  Xo  call  tlu*  lSt\M>t  hed  t>f 
shale  tin*  '*  Iluekleherrv  shale,"  hut  the  location  i»f  the 
coal  precludes  this. 

In  i'orr-holc  Xo.  4  the  roal  and  the  tin*  rlav  are  hoth 
wantinsr  with  only  the  luatoni  ''i>ink  eye"  present. 

While  the  I'xart  relativt»  locatiiuis  of  tlie>e  rore-holes 
are  not  irivcn  on  the  map  it  is  rvitlent  that  tin*  tin*  clay 
ileposits  are  morr  or  less  irrcirular  or  hasin-shaiKMl  in 
extent.  It  mav  al>o  Iv  iutt»restin,ir  to  iu>te  that  no  plastic 
clay  was  found  i\ho\v  the  Hint  clay  in  any  of  Xhr  holes. 
Whcrr  the  tliut  i-lay  was  nu-iumtt'nMl  it  wa>  always  under- 
laid by  a  Wk\  oi  semihard  clay  and  und*»rneath  this  was  a 
deposit  of  "oiuk  t'yo'\  whirh  n*sts  directly  on  tin*  lime- 
stone. 
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The  Harbison-Walker  Company  has  two  dry  pans 
nine  feet  in  diameter  for  grinding  the  clay.  The  clay  is 
mixed  with  water  and  made  into  a  stiflf  mud  readv  for 
molding  in  three  large  wet  pans  of  the  same  dimensions 
as  the  dry  pans.  All  of  the  high-grade  bricks  are  hand- 
molded  and  the  standard  sizes  are  repressed  after  they 
are  partially  dried.  The  cheaper  bricks  are  made  in  a 
steam  brick  machine  of  30,000  daily  capacity. 

The  bricks  after  molding  are  placed  on  a  cement  floor 
to  dry.  The  floor  is  heated  from  beneath  by  artificial 
heat,  and  kept  at  a  fairly  even  temperature.  After  dry- 
ing for  2  to  4  hours,  depending  on  the  size  of  the  bricks, 
the  bricks  are  turned  and  allow^ed  to  dry  on  the  other 
side.  When  a  part  of  the  moisture  has  been  expelled 
some  of  the  bricks  are  repressed,  and  the  serrated  edges 
and  the  rough  surfaces  of  the  irregular  designs  are 
smoothed  with  a  wet  trowel. 

When  thoroughly  dried  on  the  hot  cement  floor  the 
bricks  are  hauled  in  w^heelbarrows  and  stacked  in  the 
kilns. 

It  requires  about  7  days  to  burn  a  kiln  of  brick.  Coal 
is  used  as  fuel. 

The  company  has  12  kilns  for  burning  bricks  and 
two  for  burning  calcine.  The  kilns  are  all  round,  down- 
draft  twin  kilns ;  that  is  they  have  one  stack  which  is  con- 
nected witJi  each  kiln  by  means  of  underground  tunnels. 
The  two  kilns  are  filled  simultaneously  with  green  bricks, 
and,  after  burning  are  emptied  in  the  same  way. 

The  company  produces  about  55,000  standard-sized 
bricks  a  day.  The  mixtures  of  flint,  semi-hard,  plastic 
clays  and  calcine  used  at  this  plant  depend  on  the  use  to 
which  the  product  is  to  be  applied.  Each  company  in  this 
field  engaged  in  the  manufacture  of  refractory  brick  has 
worked  out  its  own  formula  of  mixtures  best  adapted  for 
its  trade.  Analvses  of  the  various  clavs  used  are  furnished 
their  customers  when  desired  and  frequently  orders  are 
given  for  a  certain  amount  of  bricks  to  contain  specified 
proportions  of  calcine,  flint  and  plastics.  It  is  stated  by 
some  of  the  brick  makers  that  a  brick  which  gives  the 
best  service  in  a  blast  furnace  in  the  Pittsburg  district 
may  not  meet  the  requirements  of  an  iron  furnace  in 
the  Birmingham  or  the  Mesabi  districts. 
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Olive  Hill  Calcine  Co.  In  1910  the  Olive  Hill  Cal- 
cine Company  established  a  two -kiln  calcine  plant  at 
Olive  Hill  on  Henderson's  branch,  opposite  the  Harbi- 
son-Walker brick  plant.  The  two  kilns  have  a  combined 
capacity  of  600  tons  of  calcine.  They  are  round,  down- 
draft,  twin-kilns  and  must,  therefore,  be  filled,  burned 
and  emptied  as  one  kiln. 

The  best  grade  of  flint  and  semi-hard  clay  is  used 
in  burning  calcine.  The  plastic,  and  the  harder  clays 
that  do  not  come  up  to  the  standard  for  glass  pot  manu- 
facture, are  sold  to  fire  brick  companies  in  Cincinnati, 
Louisville,  Rome  (Georgia)  and  other  places. 

The  calcine  of  this  company  is  sold  exclusively  to 
glass-pot  factories  for  the  manufacture  of  glass  pots. 
Formerly  all  the  glass  pots  made  in  this  country  were 
made  of  German  clays,  but  it  was  found  by  experiment 
that  the  Olive  Hill  fire  clay  is  superior  in  refractoriness 
to  the  German  clays.  Calcine  for  the  manufacture  of 
glass  pots  must  be  highly  refractory  and  of  a  uniform 
color.  A  pure  white  calcine  is  the  most  desirable.  The 
manufacturers  will  accept  it  if  the  color  is  a  rich  cream, 
but  reject  it  when  the  color  begins  to  assume  a  bluish 
cast.  The  best  boulder  flint  clays  will  calcine  to  a  white ; 
the  semi-hard,  if  burned  with  the  drafts  wide  open,  as- 
sume a  rich  cream  color.  The  plastic  clays  all  burn  dark 
and  are,  therefore,  culled  and  shipped  to  fire  brick  com- 
panies for  the  manufacture  of  fire  bricks. 

On  account  of  the  restrictions  placed  on  the  color 
of  the  calcine  that  is  to  be  used  for  glass-pot  manufac- 
ture great  care  must  be  used  in  burning  the  clay.  There 
is  no  accurate  method  used  at  this  plant  for  determining 
the  heat  in  the  kiln  at  any  stage  of  the  burning,  but  a 
constant  watch  is  kept  on  the  color  of  the  heat  through 
an  apertune  in  the  kiln-wall.  Red  is  the  first  color  ob- 
served, then  at  about  2,250  degrees  F. — estimated  by  the 
foreman — the  clav  assumes  a  cream  color.  At  about 
2,500  degrees  F.  the  clay  changes  to  white;  at  a  still 
higher  temperature  it  becomes  blue,  and  finally,  if  the 
heat  is  continued,  to  a  dark  sj^lotchy  iron  color.  The 
last  color  is  supposed  to  take  place  at  about  2,750  de- 
grees F. 
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The  objects  in  calcining  the  clay  is  to  drive  off  all 
the  chemically  combined  water,  and  to  destroy  the 
shrinkage.  As  stated  previously  it  is  also  essential  to 
get  a  white  or  a  cream  color,  but  frequently  the  kilns 
do  not  draw  evenly,  and  drafts  w4ll  develop  in  certain 
parts  of  the  kilns  w^here  the  clay  is  burned  harder  than 
in  other  parts.  The  upper  part  of  the  kiln  is  burned 
harder  than  the  lower  part. 

The  unequal  drafts  in  a  kiln  are  largely  the  result 
of  the  way  the  clay  is  placed  in  the  kiln.  No  finely  pul- 
verized clav  is  allowed  in  the  kilns  as  verv  much  of  this 
would  choke  the  draft  entirely.  Boulders  of  various 
sizes,  and  the  larger  the  better,  are  piled  one  on  the 
other  in  such  a  manner  as  to  give  an  opportunity  for  the 
heat  to  freely  circulate  through  the  clay.  If  the  tem- 
perature is  raised  too  rapidly  the  clay  crumbles  to  fine 
particles  and  thus  chokes  the  draft. 

If  the  clay  is  overburned  it  is  necessarj^  to  hand 
pick  the  calcine  that  is  to  be  used  for  glass-pot  manufac- 
ture. The  dark  colored  materials  are  sold  to  fire  brick 
plants. 

The  Olive  Hill  Calcine  Company  has  two  mines 
which  nre  located  up  the  right  fork  of  Henderson's 
branch  about  one  mile  from  the  plant.  The  clay  is  con- 
veyed from  the  mine  to  the  plant  over  a  narrow  guage 
railroad.  A  small  engine  draws  eight  to  fifteen  cars  of 
clav.  The  following  section  was  made  at  the  mouth  of 
and  inside  of  one  of  the  mines. 

Feet    Inches. 

Sandstone  and  shale. 

Hard  shale  with  leaf  impressions 20 

Coal  2 

Flint  clay,  No.  2  with  leaf  impressions  and  occa- 
sionally  has  some  iron 1            6 

Plastic  clay  with  leaf  impressions 1            6 

Flint  or  "glass  pot"  clay 2             6 

Semi-hard   clay   2            6 

Limestone. 
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Fig.  3. 

Section  at  Olive  Htll  Calcltie  Company's  Mill,  Olive  Hill  Ky. 

1.  Shaly  Sandstone. 

2.  Dark  Shale  with  leaf  impressions. 

3.  Coal. 

4.  Flint  Clay  n-lth  leaf  Impressions. 

5.  Plastic  Clay  with  leaf  Impressions. 

6.  Flint  Clay,   best  grade. 

7.  Semi-hard  Clay. 
a.  Limestone. 

Tlie  above  section  is  ai)out  an  nvera^'e  tliiekiiess  of 
tlie  clay  in  tlie  mine.  In  some  jilaces,  however,  silioa 
boulders  or  "rolls"  eonip  in  from  tlie  top  anil  cnt  out 
the  cliiv.  These  silica  boulders  are  here  called  "niKKcr 
heads."  Sliekensided  day  is  frequently  fonnd  near  the 
silica  boiiUlers.  At  one  place  there  is  a  fault  of  -Ifi 
inches  disiilacement  of  the  flint  clay. 

The  silica  boiililers  found  in  this  mine  are  composed 
of  a  ,^ray,  line-frrained  sand  cemented  with  silicate  of 
alumina ;  when  exposed  to  tlie  elements  for  a  few  days 
they  completely  decompose.  Tlie  silica  grains  liavc 
sharp  angles  and  throughout  the  mass  may  be  seen  angu- 
lar fragments  of  flint  clay  whicli  could  not  have  been 
carried  a  great  distance  from  their  original  beds. 

Tlie  roof  throughout  the  mine  is  a  linn  shale  anil 
generally  level.  The  ine(|ualities  in  the  thickness  of  the 
clay  more  frcfiuently  come  in  at  the  I>ottom;  however,  the 
silica  boulders  which  come  in  at  the  top  may  represent 
channels  eroded  in  the  clay  and  snbsecjuently  tilled  with 
silica  mixed  with  various  sized  ]iarticles  of  clay.  Tlie 
angular  fragments  of  tlint  clay  in  the  sand  matrix  in- 
dicate that  the  silica  houhlers  were  formed  after  the  flint 
clay  liad  crystallized  in  the  condition  it  is  found  in  the 
flint  bods  and  in  the  .«and  matrix. 
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Smith  liux. 

Sonio  of  the  finest  samples  of  flint  clay  found  in  the 
(listriet  were  eolleeted  on  Smitli  Run  '{  to  i  miles  west  of 
Olive  hill.  A  number  of  openings  have  been  made  on  the 
fire  elay  on  this  branch,  and  also  on  Sugar  (/amj)  branch. 

At  an  opening  made  on  the  Olive  llill  Clay  Products 
Company's  land  on  the  west  side  of  Smith  Run,  the  fol- 
lowing section  of  the  ])it  was  made: 

Feet    Inches. 
Covered. 

Plastic  clay  1  6 

Best  grade  of  No.  1  flint  4 

Said  to  be  plastic  clay  below. 

A  car  loal  of  flint  clay  was  shipped  from  this  ])lace 
for  experimental  purposes.  The  flint  clay  from  this  open- 
ing is  light  gray  to  white,  and  free  of  iron  stains  and  car- 
!)ona(*eous  matter. 

Through  the  courtesv  of  the  ()liv(^  Hill  Clav  Products 
Company,  the  following  analyses  of  the  raw  clay,  cah'ine, 
and  of  the  ])rick  made  of  this  clav  wi^'e  furnished  the 

« 

writ(»r.  The  analvses  and  fusion  tests  were  made  bv  the 
Didier-AJarcli  (\)mpany,  Perth  Amboy,  X(^w  Jersey: 

Analyses  of  Clay  and  Calcine. 

Raw  Clay.  Calcine 

Per  cent.  Per  cent. 

Silica    44.0  51.4 

Alumina  42.5  46.4 

Iron  oxide  10  1.25 

Lime  0.5  057 

Fusion   point:    Cones   34-35. 

Analysis  of  Brick. 

Per  cent. 

Silica   .. 54.6 

Alumina  42.9 

Iron  oxide  .     1.2 

Lime  0.5 

Fusion  point:   Cone  35- 

The  fnsioii  |)oint  of  cone  l]7)  is  tho  (Mniivalent  of  .*!,.*)2fi 
(l(»o'nM*s  Falircniieit  or  1,8.*)()  d(\i»r<»es  (\Miti.i»:rade.  This 
mav  b(»  ranl:(Ml  as  one  of  the  mo>^t  ref ractorv  chivs  known. 
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On  the  Frank  River's  land  near  the  head  waters  of 
Sugar  Camp  branch  and  within  a  few  hundred  yards  of 
the  Lewis  County  line  is  a  deposit  of  flint  clay  that  greatly 
resembles  bauxite.  It  is  highly  oolitic  and  may  readily 
be  taken  for  a  piece  of  oolitic  limestone.  It  is  evidently 
a  reworked  deposit  as  it  contains  angular  fragments  of 
flint  of  a  greenish  tinge  imbedded  in  the  clay  matrix.  It  is 
exceedingly  close  grained  and  heavy,  and  breaks  with  a 
conchoidal  fracture.  Fragments  of  this  clay  have  been 
plowed  up  in  the  field  and  exposed  for  years  without  dis- 
integrating. This  is  very  unusual  as  most  of  the  flint 
clay  in  the  district,  on  exposure  to  the  elements  for  a  few 
weeks,  breaks  up  completely  into  finely  divided  particles. 

The  water  shed  between  the  waters  of  Tygart  creek 
and  those  of  Kinniconick  forms  the  boundary  betw^een 
Carter  and  Lewis  counties.  The  fire  clay  occurs  at  about 
the  horizon  of  the  low  divides,  and  on  some  of  the  high 
north-south  ridges  extends  as  much  as  a  mile  into  Lewis 
countv. 

There  is  a  rapid  eastward  dip  of  the  clay  in  this  lo- 
cality. The  elevation  of  the  clay  at  the  headwaters  of 
Sugar  Camp  branch  is  1,050  feet  above  sea  level  or  130 
feet  higher  than  the  mouth  of  the  Olive  Hill  Calcine  Com- 
pany's  mine  on  Henderson's  branch.  The  distance  be- 
tween the  two  places  is  approximately  four  miles  giving 
an  eastward  dip  of  32  feet  to  the  mile. 

Hay  WARD.  In  1900,  the  Ashland  Fire  Brick  Com- 
pany established  a  fire  brick  plant  on  the  main  line  of  the 
Chesapeake  and  Ohio  Railroad,  at  Haj^ward,  one  mile 
east  of  Soldier.  The  plant  has  a  daily  output  of  10,000 
to  12,000  bricks.  The  bricks  are  burned  in  rectangular 
down-draft  kilns.  There  are  five  kilns  for  burning  brick 
and  two  for  burning  calcine. 

The  plant  and  the  mine  of  this  company  are  favor- 
ably located  with  respect  to  each  other.  The  plant  is  lo- 
cated within  200  yards  of  the  Chesapeake  and  Ohio  Rail- 
road and  the  mine  where  the  clav  is  obtained  is  in  the  hill 
,iust  south  of  the  plant.  The  mouth  of  the  mine  is  about 
100  feet  above  the  plant.  The  clay  is  drawn  out  of  the 
mine  in  small  cars  drawn  by  mules.  Near  the  mouth  of 
the  mine  is  a  small  house  underneath  which  is  a  large 
wooden  drum  which  contains  two  coils  of  wire  rope  long 
enough  to  reach  to  the  brick  plant.    There  is  a  double 


Kentucky  Geological  Survey  635 

track  of  light  steel  rails  from  the  drum-house  to  the  plant 
and  the  rope  is  so  arranged  that  a  loaded  car  going  down 
hill  to  the  i^lant  draws  an  enij^ty  car  up  the  other  track  to 
the  mine. 

About  ohe-fourth  of  the  clay  taken  from  this  mine  is 
used  at  the  ITayward  plant  and  the  remaining  three- 
fourths  are  loaded  in  cars  and  shipped  to  the  Ashland 
plants.  The  clay  for  the  Ashland  plants  is  loaded  into 
cars  from  a  tipple  built  at  the  end  of  a  separate  incline 
operated  with  a  drum  and  wire  cable  similar  to  the  one 
above  described.  The  following  is  a  section  of  the  Hay- 
ward  mine  at  the  entrance : 

Feet    Inches. 

Sandstone  5 

"Whim  rock" 14 

Coal   1-2 

Flint  clay  2 

Semi-hard   clay   3 

"Pink  eye" 8-18 

Limestone. 

Section  of  Ilavward  mine  near  center  of  hill : 

Feet    Inches. 

Sandstone  5 

Shale    , 4-6 

"Draw    slate"    M^^ 

Bastard  flint  clay 4-6 

Semi-hard  clay  3-7 

Flint  clay   2-4 

"Pink  eye  clay." 
Lime  rock. 

A  siliceous  sandstone  or  silica  rock,  so  prevalent  in 
the  vicinitv  of  Olive  llill,  was  also  found  in  the  Ilavward 
mine.  Here,  however,  it  always  occurs  at  the  bottom  in 
the  shape  of  a  lense,  instead  of  on  top  of  the  clay. 

In  the  southwest  part  of  the  mine,  about  175  feet 
from  the  crop  of  the  hill,  a  black  shale  interstratified  with 
sand  was  encountered.  The  shale  lies  on  the  same  level  as 
the  clay,  but  the  bottom  edges  of  the  shale  underlie  the 
clay  as  shown  in  Figure  4. 

The  bottom  of  the  clay  in  this  mine  reveals  the  same 
uneven,  wavv  nature  as  observed  in  the  mines  at  Olive 
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Section  at  Ashland  Plre  Brick  Company's  Mine,  at  Hay- 
ward.  Ky..  one  mile  east  ot  Soldier.  Ky. 

1.  Sandstone. 

2.  Shale. 

a.    Draw  Slate. 

4.    Coal. 

6.    Bastard    Flint  Clay. 

6.  Semi-hard  Clay. 

7.  Flint  Clay. 

8.  Limestone. 

Hill.  Tlic  top  of  the  clay  is  piactieatly  level.  The  tliick- 
eiiiiifj  Hnd  tliinniiij?  of  the  day  take  ](lace  at  the  bottom. 

When  tli€  "whim  rock,"  the  overlying  shale  and  the. 
silieeons  sandstone  are  exposed  to  the  surface  for  a  few 
weeks,  tliey  disintegrate  as  the  flint  clay  does. 

More  or  less  iron  is  found  in  tlie  "whim  rock"  and 
in  the  roof  slate. 

Ci,isTON  MixE. — The  Clinton  mine  is  located  about 
Vj  mile  northwest  of  Soldier.  It  is  owned  by  the  Ashland 
Fire  Brick  Company,  of  Ashland,  Kentucky.  The  clay  is 
reported  to  be  a'i;  feet  thick,  with  18  inches  of  flint  and 
tlip  remainder  semi-hard.  The  mine  Mas  operated  for 
about  ten  years  and  the  product  shipped  to  Ashland.  The 
clay  is  reported  to  have  been  of  good  (]uality.  At  the 
present  time  the  I  lay  ward  mine  supplies  sufficient  elay 
for  the  Ashland  plants  and  is  more  accessil)le  to  the  rail- 
road than  the  Clinton  mine. 

A'iNCKST  Mink.— About  one-half  mile  nortli  of  Sol- 
dier, on  the  [,roperty  of  L.  S.  Vincent,  an  opening  was 
made  into  the  Are  clay  for  a  distance  of  25  feet.  The  clay 
is  7  to  8  feet  thiek  with  about  two  feet  of  flint,  two  to  two 
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and  a  half  feet  of  semi-hard  and  the  remainder  of  plastic. 
Tlie  hill  where  the  clay  was  opened  has  a  very  gentle 
sloi)e  and  the  roof  was  not  fully  developed,  but  showed 
indications  of  a  good  shale  roof.  The  ridge  in  which  the 
clay  was  opened  extends  unbroken  for  nearly  a  mile  to 
the  north. 

Three  openings  have  been  made  on  the  fire  clay  on 
^\i\  Vincent's  land  in  the  hill  just  south  of  Soldier.  The 
openings  were  driven  about  100  feet  in  the  hill  under  a 
good  sliale.  The  flint  clay  here  is  2  to  3  feet  thick  with 
about  2  feet  of  semi-hard  clav  below  and  the  same  thick- 
ness  of  plastic  alxne.  Some  flint  clay  from  these  open- 
ings was  shipped  to  the  Massillon  Stone  and  Fire  Brick 
Company,  of  Massillon,  Ohio;  to  the  Ashland  Fire  Brick 
Comi)any,  of  Ashland,  Kentucky;  to  A.  J.  Hoblitzell,  of 
Birmingham,  Alabama,  and  to  the  Louisville  Fire  Brick 
Works,  of  Louisville,  Kentucky. 

Whitt  and  King  Openings. — A  large  tract  of  clay 
land  lying  to  the  south  of  Soldier,  now  belonging  to 
Messrs.  Whitt  and  King,  has  been  partially  developed. 
An  opening  was  made  on  this  i)roperty  at  a  point  one- 
fourth  of  a  mile  south  of  Soldier  in  1907  with  the  inten- 
tion of  erecting  a  fire  brick  plant.  A  spur  was  graded 
from  the  mine  to  the  main  line  of  the  Chesapeake  and 
Ohio  Railroad,  and  preparations  maJe  for  erecting  the 
plant,  but  the  death  of  the  i)resident  of  the  company  put 
an  end  to  the  undertaking.  The  property  was  then  owned 
bv  the  Carter  Countv  Fire  Brick  Companv.  It  has  since 
passed  to  the  i)resent  owners,  Messrs.  Whitt  and  King. 

Another  opening  on  the  same  property  was  made  on 
the  clav  for  a  distance  of  95  feet  into  the  hill.    Seven  feet 

« 

of  semi-hard  clav  was  found.  On  the  southwest  side  of 
siime  hill  the  clay  was  found  to  be  7  feet  thick  and  of  good 
quality. 

Powers  Clav  Mine. — About  4  feet  of  flint  and  2  feet 
of  semi-hard  clay  of  good  quality  are  reported  to  have 
been  oi)erated  on  William  Powers'  land  2ll>  miles  north  of 
Soldier.  The  oi^ening  was  made  in  1906.  The  distance 
from  the  railroad  and  the  low  price  of  the  clay  have  pro- 
hibited its  being  worked. 

Fden  Clav  Mine. — An  opening  has  been  made  on  the 
fire  clay  on  George  Eden's  land  lVi»  miles  north  of  Sol- 
dier. The  flint  and  semi-hard  clavs  were  found  to  be  6  feet 
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thick,  with  a  sjood  shale  roof  and  the  **pink  eye"  clay^  at 
the  bottom.  The  mine  was  opened  about  1904  and  some 
chiy  shipped  to  Pittsburg.  The  clay  is  said  to  have  been 
rejected  on  account  of  not  being  carefully  selected. 

Patton  Clay  Mine. — Mr.  J.  D.  Patton  operated  a 
clay  mine  three-fourths  of  a  mile  north  and  west  of  Sol- 
dier from  1907  to  1912.  A  spur  from  the  Chesapeake  and 
Ohio  Railroad  connects  the  mine  with  the  main  line  of  the 
railroad.  The  clav  is  from  6  to  11  feet  thick  and  has  a 
good  shale  roof  and  **pink  eye"  clay  bottom.  The  clay 
in  this  mine  consists  of  about  90  per  cent  semi-hard  and 
10  per  cent  flint.  The  latter  occurs  near  the  center  of  the 
vein.  That  above  the  flint  has  a  bluish  tint  and  is  more 
plastic  than  the  clay  below  the  flint  which  is  white.  The 
bottom  of  the  clay  is  uneven  and  lies  in  rolls  or  waves. 

The  same  ])ersistent  coal  seam  which  occurs  on  top 
of  the  clav  is  found  in  this  mine.  It  varies  in  thickness 
from  2  to  4  in(*lies.  The  shale  above  the  coal  is  about  10 
feet  thick. 

The  clay  from  this  mine  was  shipped  to  Woods-Lloyd 
Company,  of  Pittsburg;  to  th(»  Louisville  Fire  Brick 
Works,  of  Louisville;  and  to  the  Ohio  Valley  Clay  Pot 
Company,  of  Steubenville,  Ohio. 

IIaldkmax. — Tn  190.'}  the  Kentuckv  Fire  Brick  Com- 
pany  of  Portsmouth,  Ohio,  estal)lishecl  a  lire  brick  plant 
at  Haldeman,  which  is  located  a  few  hundred  yards  west 
of  Triplett  tunnel  in  Rowan  County. 

The  plant  is  located  about  250  yards  up  a  little  draw 
from  Haldeman  station  and  is  connected  by  a  spur  with 
the  Chesapeake  and  Ohio  Railroad.  The  mouth  of  the 
mine  is  right  at  the  plant  and  only  30  feet  above  the 
grinding  room.  The  clay  is  brought  out  of  the  mine  in 
cars  drawn  l)y  mules  and  dumped  over  the  tipi)le  at  the 
grinding  shed  where  the  clay  is  mixed  and  dried  in  the 
same  manner  as  it  is  done  at  the  Olive  Hill  plant.-;.  The 
kilns  are  built  on  two  sides  of  the  drying  room.  Aftc^r 
burning,  the  bricks  are  stored  in  the  stock  sheds  from 
whence  they  are  loaded  directly  into  the  cars  for  ship- 
ment. The  plant  has  14  kilns  with  a  dailv  output  of 
40,000  to  50,000  bricks. 
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The  products  of  tlie  plant  are  shipped  to  Birming- 
ham, Pittsburg,  Cleveland  and  other  places  to  the  north 
and  the  west. 

The  mine  from  which  the  clay  is  obtained  is  located 
on  the  south  side  of  the  plant.  The  entry  was  first  driven 
240  feet  due  south,  then  turned  in  a  southeastern  direc- 
tion and  followed  under  the  crest  of  the  ridge  for  a  dis- 
tance of  1,800  feet  with  comparatively  few  side  rooms. 
The  mine  is  still  in  a  state  of  development. 

There  is  no  whim  rock  and  onlv  a  small  amount  of 
silica  rock  in  this  mine.  At  no  place  has  the  silica  cut 
out  the  claj'.  The  clay  lias  an  excellent  shale  roof  15  feet 
thick  with  5  feet  of  sandstone  above  the  shale.  The  mine 
is  comparatively  free  of  water. 

The  clay  will  average  6  feet  in  thickness  throughout 
the  mine  and  varies  very  little  from  that  amount.  The 
run  of  the  mine,  according  to  Mr.  H.  K.  Leighow,  the  Gen- 
eral Manager,  will  average  40  per  cent  of  flint,  40  per  cent 
of  semi-hard  and  20  per  cent  of  plastics. 

The  following  is  a  section  made  at  the  mine : 

Feet    Inches. 

Sandstone 5 

Shale   15 

Coal    4 

Thin  layers  of  shale  in  some  places. 

Plastic    clay 12-20 

Flint  clay  26-30 

Semi-hard   clay   26-30 

"Pink  eye  clay." 

The  '^pink  eye  clay"  is  known  to  be  6  feet  thick,  but 
has  never  been  penetrated.  The  limestone  was  not  seen 
west  of  Triplett  tunnel,  but  is  reported  to  be  very  thin  in 
places. 

The  hill  at  the  plant  rises  150  feet  above  the  level  of 
the  clav  and  is  one  of  the  hisrhest  in  this  reii:ion.  At  a 
l)oint  about  90  feet  above  the  clay  is  a  ledge  of  compara- 
tively pure  sandstone  which  is  mined  by  the  company, 
ground  and  mixod  with  the  i)lastic  clay  and  burned  into 
a  silica  brick.  It  is  reported  to  give  good  service  in  coke 
ovens  and  other  places  where  it  has  been  used.  Here  and 
at  the  Harbison-Walker  plant  at  Olive  Hill  are  the  only 
two  places  in  the  district  where  the  silica  bricks  are  made. 
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Brtxeciar  Clay  Mine. — At  the  Brinogar  day  iniii(»,  :> 
miles  southeast  of  Ilahleman,  an  openin;^:  was  driven  on 
the  clay  for  a  distance  of  1,000  feet  in  the  hill.  The  clay 
was  about  6  feet  thick  with  3  feet  of  flint  and  the  same 
thickness  of  semi-hard.  The  mine  was  operated  for  about 
eiiifht  years  and  was  finally  abandoned  on  account  of  the 
low  price  of  clay  and  high  freight  rates.  The  flint  clay 
only  was  shipped.  It  was  hauled  to  the  railroad  at  En- 
terprise oyer  a  tram  road,  and  shipped  to  Portsmouth, 
Ohio. 

The  heavy  bedded  conglomerate  sandstone  is  absent 
in  the  region  about  Soldier  and  TTaldeman,  but  is  more 
than  75  feet  tliick  at  Limestone.  It  thins  to  the  west  and 
on  the  east  side  of  Triplett  tunnel,  it  is  either  very  thin  or 
entir(»ly  gone.  No  limestone  was  seen  around  Haldeman 
on  the  west  side  of  the  tunnel.  It  was  found  near  the  tops 

of  the  hills  farther  wc^st  in  the  vicintv  of  Morehead. 

* 

Elliottvh.le. — Extensive  dei)osits  of  fire  clay  occur 
in  th(*  immediate  vicinity  of  Elliottville  on  the  headwaters 
of  Christy  creek  aud  also  on  the  oast  side  of  the*  divide  on 
the  headwaters  of  Tygart,  Big  Sinking,  Little  and  Big 
Canev  Creeks.     The  clav  of  this  territory  is  still  uiuh^- 

•  «  • 

veloped  due  to  a  lack  of  transportation  facilities. 

The  territory  to  the  north  and  east  of  Elliottville  has 
been  thoroughly  testCvl  by  core  drill  holes  and  a  large  ])er- 
centage  of  the  best  clay  land  Iwught  u])  by  the  Harbison- 
Walker  Kefractories  Company.  The  results  of  their 
work  show  that  the  clay  dei)osits  are  extensive  and  the 
quality  as  good  as  the  best  clay  found  in  the  vicinity  of 
Olive  Hill.  Other  companies  have  also  acquired  consid- 
erable clay  land  in  this  region.  Most  of  this  territory 
will  doubtless  remain  undeveloped  until  th(»  clay  nearer 
the  railroad  lias  been  exhausted.  It  is  only  a  f|uestion  of 
time,  however,  when  this  territory  will  be  one  of  the  larg- 
est clay  jjroducing  areas  of  the  Olive  Hill  I'istrict. 

The  ten  itory  east  of  the  north-south  diyid(»,  from 
Soldier  to  Elliottville  can  be  easily  reached  bv  a  tram 

• « 

road  from  Enterprise  up  the  South  Fork  of  Tygart  creek. 
The  chiv  from  the  west  side  of  the  divide  could  be  tak(Mi 
out  over  a  tram  road  up  Christy  creek  from  Rodman.  In 
either  instance  it  would  lecpiire  eight  to  ten  miles  of  tram 
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road  to  connect  the  center  of  the  clay  field  with  the  Chesa- 
peake and  Ohio  Railroad. 

In  the  Elliottville  region  the  Mississippian  limestone 
is  fifenorally  present.  It  is  about  thirty  feet  thick  on  the 
headwaters  of  Christy  Creek.  It  is  also  present  on  the 
headwaters  of  Tygart,  Big  Sinking,  Big  and  Little  Caney 
and  Laurel  creeks.  It  is  sixty  feet  thick  on  Main  Caney 
creek,  three  miles  south  of  Elliottville. 

In  the  immediate  vicinity  of  Elliottville  the  Conglom- 
erate is  either  entirely  absent  or  in  very  irregular  areas. 
It  thickens  to  the  east  and  south.  It  is  90  feet  thick  at 
the  head  of  Laurel.  Three  miles  northwest  of  Newfound- 
land, in  Elliott  County  on  Big  Caney,  it  is  180  feet  thick 
with  the  limestone  in  the  bed  of  the  creek. 

The  fire  clay  outcrops  in  the  road  in  the  town  of  El- 
liottville a  short  distance  below  the  postoffice  at  an  eleva- 
tion above  sea  level  of  1,050  feet.  A  core  drill  hole  put 
down  by  the  Harbison- Walker  Company  on  G.  L.  Mao- 
cabee's  land  about  200  yards  east  of  the  outcrop  in  the 
road  is  reported  to  have  shown  the  following: 

Feet. 

Plastic  clay   7 

No.  1  flint  clay  7 

'Semi-hard  clay   2 

The  Mississippian  limestone  outcrops  in  the  road 
just  below  the  fire  clay. 

A  deposit  of  flint  fire  clay  outcrops  on  Jesse  liryant's 
place  near  the  head  of  Andy  AVhite  branch.  Here  the  clay 
is  30  feet  above  the  top  of  limestone.  A  ledge  of  coarse- 
grained sandstone  forms  the  interval  between  the  lime- 
stone and  the  fire  clay.  The  clay  is  of  a  light  gray  color 
and  apparently  free  of  impurities.  The  following  is  a 
section  of  the  deposit : 

Feet. 

No.  1  flint  2V^ 

Semi-hard  2 

Plastic — bottom  not  seen. 

About  300  yards  farther  down  the  same  branch  the 
fire  clay  rests  directly  on   the  Mississippian  limestone. 

At  an  old  clay  opening  on  AValker  branch  two  miles 
below  Elliottville  the  flint  clay  is  seven  feet  thick.   The 

geo.  21 
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clay  here  contains  a  large  amount  of  free  silica  and  is  of 
a  greenish  color  due  to  the  presence  of  iron.  The  clay  is 
very  hard,  and  on  exposure  to  the  elements,  does  not  dis- 
integrate readily.  The  elevation  of  the  clay  on  Walker 
branch  is  30  feet  liigher  than  it  is  at  Elliottville,  giving  a 
southeastward  dip  of  15  feet  to  the  mile. 

The  fire  clay  has  been  opened  on  the  following  places 
on  tlie  headwaters  of  Christy  creek :  F.  M.  AVeaver  's,  A. 
J.  AVhite's,  E.  S.  Hogg's,  John  Scague's,  Jerry  Fletch- 
er's, George  Bruce 's,  J.  D.  AValker's,  Emery  Bates.' 

In  the  Elliottville  territory  the  fire  clay  at  the  top 
of  the  limestone  is  overlain  bv  a  thin  vein  of  coal  with  ten 

ft- 

to  twelve  feet  of  shale  al)ove  the  coal.  Above  the  shale 
comes  five  to  ten  feet  of  thinlv  bedded  sandstone  with  lav- 
ers  of  shale  between.  The  No.  4  plastic  clay  which  comes 
just  above  the  coal  is  found  in  some  of  the  openings. 

Craxey  Creek. — The  fire  clay  deposits  diminsh  in 
extent  and  thickness  on  going  southward  from  Elliott- 
ville. The  quality  of  the  clay  is  likewise  poorer  than  to 
the  northenst.  The  Conglomerate  sandstone  is  very 
prominent  in  all  of  the  country  from  Elliottville  to  Lick- 
ing river.  A  few  deposits  of  fire  clay  were  observed  on 
the  headwaters  of  Cranev.  Flint  clav  fragments  that 
have  withstood  the  weathering  agents  were  seen  in  the 
road  on  nuiin  Cranev  about  three  miles  south  of  Elliott- 
ville.    Elevation  of  the  clav  is  ]  ,040  feet  above  sea  level. 

About  one  mile  farther  south  on  the  same  stream  the 
fire  clay  horizon  is  plainly  marked  on  the  sides  of  the  hill 
by  a  bench  at  the  top  of  the  Mississippian  limestone.  The 
clay,  where  exposed  at  the  surface,  is  of  fair  quality,  but 
it  has  never  been  developed. 

Waggoxer  Branch. — There  is  an  exposure  of  the  fire 
clav  at  an  elevation  of  1,055  feet  above  sea  level  at  the 
head  of  Ilammon's  branch,  a  small  tributary  to  Wag- 
goner branch.  The  Mississippian  limestone  here  is  fifty 
feet  thick  with  a  ten  foot  bed  of  lithographic  stone  be- 
tween this  and  the  AVaverly.  At  the  base  of  the  Conglom- 
erate the  fire  clay  is  about  ten  feet  thick;  the  upper  part 
of  the  exposure  is  a  hard,  bluish  flint  clay.  The  elevation 
of  the  clay,  barometric  reading,  is  1,055  feet  above  sea 
level. 
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The  crest  of  the  ridge  between  Waggoner  branch  and 
Dry  Fork,  barometric  reading,  is  1,230  feet  above  sea 
level.  The  Conglomerate  here  is  80  feet  thick.  The  bed 
of  Waggoner's  branch  near  its  mouth  is  860  feet  above 
sea  level. 

MoREHEAD. — The  AVaverly  sandstones  and  shales 
form  the  surface  of  Rowan  County  to  the  north  and  west 
of  Morehead.  East  of  Triplett  creek  the  Mississippian 
limestone  catches  under  the  tops  of  the  hills  and  dips  to 
the  east  and  southeast.  Triplett  creek  from  the  mouth 
of  Dry  Fork  to  Triplett  practically  marks  the  northwest- 
ern boundary  of  the  Mississippian  limestone.  The  high 
hill  just  east  of  the  depot  at  Morehead  shows  about  530 
feet  of  Waverly  and  large  blocks  of  Mississippian  lime- 
stone. 

Near  the  base  of  the  hills  just  north  and  northwest  of 
Morehead  is  a  bed  of  Waverly  shales  that  are  well 
adapted  to  the  manufacture  of  paving  brick,  sewer  pipe 
and  fancy  English  face  bricks.  The  shale  deposit  is  50 
to  75  feet  thick  and  could  be  mined  by  steam  shovel  or  by 
plow  and  scraper  method.  A  niunber  of  locations  could 
be  found  near  the  main  line  of  the  Chesapeake  and  Ohio 
Railroad  where  a  plant  could  be  built  with  the  shale  near 
at  hand.  Samples  of  shale  from  Morton  Laim's  land, 
just  outside  the  town  of  Morehead,  were  sent  to  the  Olive 
Hill  Fire  Brick  Company's  plant  at  Olive  Hill  and  made 
into  brick.  The  bricks  made  of  this  shale  are  reported  to 
have  burned  to  a  deep  red  color  w^ith  a  uniform  spotted 
surface  appearance  due  to  the  presence  of  iron  in  the 
form  of  pyrite. 

The  same  shale  horizon  is  continuous  from  Mr. 
Laim's  house  through  Mr.  F.  C.  Nickel I's  land  to  the 
Chesapeake  and  Ohio  Railroad  at  Brady  switch,  one  mile 
west  of  Morehead. 

The  most  extreme  southwestern  point  where  the  fire 
clay  is  known  to  have  been  worked  is  on  Mr.  Sam  Brad- 
lev's  land,  three  miles  south  of  Morehead  near  the  head 
of  Morgan  branch.  The  flint  fire  clay  occurs  forty  feet 
below  the  crest  of  a  high  hill  just  west  of  the  Morehead 
and  North  Fork  railroad.  The  elevation  of  the  top  of 
the  hill  is  1,280  feet  above  sea  level.  Elevation  of  the 
clay  horizon  is  1,240  feet.    The  base  of  the  Missis.sii)pian 
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limestone  at  this  place  is  1,100  feet  above  sea  level.  The 
clay  occurs  up  in  the  Conglomerate,  perhaps  40  feet  or 
more  above  tlie  top  of  the  Mississippian  limestone. 

About  sixteen  vears  aijro  the  fire  clav  was  mined  at 
this  place  by  Mr.  William  Cooper  and  several  car  loads 
shii)ped.  Th(»  clay  was  hauled  by  wagons  to  Brady's 
switcli,  on  the  Chesapeake  and  Ohio  Railroad,  one  mile 
west  of  Moreh.ead.  The  clay  is  reported  to  be  five  feet 
thick.  The  work  was  abandoned  on  account  of  the  ex- 
pense of  hauling. 

YocuM  Crekk. — Yocum  creek  is  a  stream  about  three 
miles  long  which  enters  North  Fork  of  Licking  River 
from  the  south,  opposite  Paragon.  It  has  cut  its  bed 
through  the  heavy  bedded  ( conglomerate  sandstone  and 
the  Mississipi)ian  limestone  and  exposed  the  upper  strata 
of  the  Waverly  for  a  distance  of  about  two  miles  up  the 
stream. 

The  fiint  fire  clay  has  been  opened  at  two  or  three 
places  on  this  stream.  On  Hog  Camp  branch,  about 
three-fourths  of  a  mile  from  the  head  of  Yocum,  a  good 
quality  of  fire  clay  was  opened  in  1911.  The  thickness  was 
reported  to  be  nine  feet. 

A  short  distance  above  the  mouth  of  Hog  Camp 
branch  on  main  Yocum,  the  fire  clay  is  wanting.  The  fol- 
lowing is  a  section  of  the  contact  between  the  Conglom- 
erate and  the  ]\Iis;?issippian  limestone  at  this  place: 

Feet    Inches. 
Conglomerate. 

Thin  band  of  blue  limestone  4 

Calcareous  black  shale  5 

Mississippian  limestone. 

XoRTii  Fork  of  Licking  River. — In  the  district  along 
North  Fork  between  the  mouth  of  Yocum  and  the  mouth 
of  Devil's  Fork,  the  fire  clay  is  either  wanting  or  is  of 
such  a  poor  (juality  that  it  is  worthless.  The  country  is 
very  rugged  with  high  precipitous  cliffs  bordering  the 
streams.  The  streams  all  show  veiy  rapid  down-cutting 
witli  practically  no  valleys.  A  large  per  cent  of  the  work 
of  the  streams  of  this  region  has  been  employed  in  cut- 
ting through  the  Conglomerate  sandstone  w^hich  is  from 
125  to  175  feet  in  thickness.    The  Mississippian  limestone 
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is  from  25  to  40  feet  thick.  The  southeastward  dip  of  the 
strata  carries  the  limestone  below  drainage  on  North 
Fork  near  the  mouth  of  Devil's  Fork. 

Vigorous  prospecting  for  fire  clay  has  recently  been 
done  on  North  Fork,  Bucket  creek,  Minor,  Pretty  brancli, 
and  Craney  creek.  ^lost  of  these  openings  were  visited 
by  the  writer  and  wliile  the  fire  clay  was  seen  at  only  one 
place,  the  following  notes  will  show  the  nature  of  the 
contact  between  the  limestone  and  the  Conglomerate. 
This  region  was  doubtless  near  the  edge  of  the  basin 
which  extended  from  here  to  the  Ohio  river  and  bevond 
when  the  fire  clay  was  forming.  The  regularity  of  the 
Mississippian  limestone  in  the  southwestern  part  of  the 
fire  clav  area  indicates  that  there  was  less  erosion  inter- 
val  between  the  deposition  of  the  limestone  and  the  Con- 
glomerate than  was  the  case  in  the  central  district.  The 
thickest  and  best  fire  clay  deposits  of  the  Olive  Hill  dis- 
trict are  found  Avhere  there  is  evidence  of  the  greatest 
time  interval  and  erosion  l)eween  the  deposition  of  the 
Mississippian  limestone  and  the  Conglomerate.    • 

Limekiln  Point. — The  base  of  the  Mississippian 
limestone  occurs  in  the  railroad  cut  at  Limekiln  Point. 
Six  feet  of  the  Waverly  sandstone  are  exposed  in  the 
lower  part  of  the  cut,  separated  from  the  Mississippian 
limestone  at  this  point  by  a  bed  of  blue  shale  six  feet  in 
thickness.  The  contact  between  the  two  formations  is 
very  similar  to  that  found  at  Deep  Cut  on  the  Carter- 
LcAvis  County  line  mentioned  in  this  report. 

Booker  Branch. — ^While  in  the  district  the  writer 
was  shown  a  number  of  samples  of  lithographic  stone  said 
to  have  come  from  Elliott  and  Rowan  Counties.  At  the 
mouth  of  Booker  branch  there  is  a  bed  of  lithographic 
stone  ten  feet  in  thickness.  It  is  of  Mississippian  age 
and  lies  just  above  the  six  foot  bed  of  blue  shale  which 
comes  between  the  limestone  and  the  Waverly.  The  lime- 
stone above  the  lithographic  stone  is  very  hard  and  stud- 
ded with  flint  nodules.  The  lithographic  stone  was  tested 
and  found  too  soft  and  porous  for  lithographic  work. 

A  short  distance  up  stream  from  the  mouth  of  Booker 
branch  an  opening  was  made  for  the  fire  clay  at  the  con- 
tact between  the  Conglomerate  and  the  underlying  lime- 
stone. A  bed  of  green  shale  occupies  the  interval  be- 
tween the  two  formations. 
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Bucket  Branch. — Two  openings  have  been  made  at 
the  fire  clay  horizon  on  Bucket.  One  is  on  the  right  and 
the  other  on  the  left  fork  facing  up  stream.  The  opening 
on  the  right  fork  is  of  a  dark  blue  color  and  contains  a 
large  amount  of  sand. 

The  ojDcning  made  on  the  left  fork  shows  the  best  lire 
clay  found  in  this  region.  The  following  is  a  section  of 
the  opening: 

Feet. 
Conglomerate  sandstone. 

Coal   1^ 

Siliceous  claystone  and  black  plastic  clay 5 

Coal  11^ 

White  to  gray  boulder  flint  clay  4 

Semi-hard  clay  2 

Siliceous  fire  clay  3 

Devil's  Fork. — At  the  mouth  of  the  Devil's  Fork  an 
opening  was  made  at  the  contact  between  the  Conglom- 
erate and  the  Mississippian  limestone.  Ten  to  twelve 
feet  of  blue  fosiliferous  shale  with  a  twelve-inch  band  of 
hard  limestone  form  the  interval  l>etween  the  two  forma- 
tions. The  unconformity  here  is  between  the  blue  shale 
and  the  Conglomerate  sandstone.  The  limestone  disap- 
pears below  drainage  on  North  Fork  a  short  distance 
above  the  mouth  of  Devil's  Fork. 

The  strata  between  the  mouth  of  Devil's  Fork  and 
Pretty  branch  have  a  strong  dip  down  stream  or  to  the 
north  west.  The  general  dip  of  the  strata  in  this  region 
is  to  the  southeast,  but  the  reverse  dip  between  the  two 
points  mentioned  is  very  pronounced. 

Pretty  Branch. — About  one-fourth  of  a  mile  up 
Prettv  branch  the  fire  clav  was  recentlv  uncovered.  Tlie 
base  of  the  Conglomerate  was  not  shown  in  the  opening, 
but  about  five  feet  below  the  Conglomerate,  a  bed  of 
greenish  flint  was  encountered.  At  the  surface  it  is  some- 
what more  siliceous  than  the  gray  flint  clay,  but  further 
development  may  show  a  better  grade  of  clay.  An  eight 
foot  bed  of  blue  shale  was  uncovered  below  the  fire  (*lay. 
Bands  of  red  shale  six  inches  thick  are  found  interbedded 
in  the  blue  shale. 

Cory  Station  (McGlone  P.  0.). — The  fire  clay  and 
the   Mississippian  limestone   outcrop   along   the   upper 
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waters  of  Gorman  Fork  to  within  one-third  of  a  mile  of 
Cory.  About  one  and  one-fourth  of  a  mile  east  of  Cory, 
on  Nolan  branch,  on  Mr.  J.  P.  Whitt  and  Sons'  land,  is  a 
deposit  of  fire  clay  which  was  oiDened  about  1904.  An 
opening  was  made  25  feet  into  the  hill  and  shows  five  feet 
of  flint  clay.  The  Conglomerate  sandstone  forms  the  roof 
of  the  clav.  The  thickness  of  the  clav  and  its  accessibil- 
ity  to  transportation  would  justify  a  thorough  investiga- 
tion. The  samples  taken  were  from  near  the  crop  and 
are  not  representative  of  what  may  be  expected  farther 
under  the  hill.  The  clay  is  well  above  drainage  and  has 
plenty  of  covering  above  it. 

Grahx. — The  clav  mines  in  the  vicinitv  of  Grahn 
were  among  the  first  opened  in  the  Olive  Hill  district. 
They  are  owned  and  operated  by  the  Louisville  Fire 
Brick  "Works,  of  Louisville.  The  mine  now  operated  is 
located  on  the  north  side  of  Grassy  Fork,  one-fourth  of 
a  mile  up  the  stream  from  Grahn  Station. 

The  Mississippian  limestone  outcrops  on  the  south 
side  of  Grassv  and  extends  a  short  distance  above  the 
clay  mine.  It  can  be  traced  more  or  less  continuously 
from  a  point  a  short  distance  below  Cory  station  on  Gor- 
man Fork  to  near  the  mouth  of  Drv  Fork  below  Aden.    It 

« 

also  extends  about  two  miles  up  Dry  Fork. 

The  Conglomerate  sandstone  is  not  found  on  the 
lower  Avaters  of  Corv  Creek  on  the  west  side  of  the  divide 
between  the  Avaters  of  Tvgart  creek  and  Gorman  Fork. 
On  the  waters  of  the  latter  stream  it  extends  unbroken 
to  about  one  mile  east  of  Leon  where  the  eastward  dip 
carried  it  below  the  surface.  In  the  vicinty  of  Grahn  it 
is  about  70  feet  in  thickness. 

Near  the  entrance  of  the  clav  mine  at  Grahn  the  Con- 
glomerate  rests  directlv  on  the  fire  clav.  Farther  in  the 
hill  the  bed  of  shale  with  the  thin  coal  at  the  base  comes 
between  the  clay  and  the  Conglomerate  sandstone.  The 
clay  is  of  a  poorer  quality  where  the  sandstone  forms  the 
roof  of  the  clay.  In  such  places  there  is  a  large  amount 
of  iron  in  the  clav  which  burns  to  a  red  or  black  color. 
The  shale  where  it  forms  the  roof  of  the  clay,  protects 
the  clay  from  the  iron-bearing  waters  which  filter  through 
the  Conglomerate. 
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The  bottom  of  fire  clay  is  very  uneven  due  to  the  ir- 
regular surface  of  the  Jimcstone  on  which  tlie  clay  -was 
formed.  lu  places  there  are  funnel-shaped  depressions, 
wide  at  the  top  and  tapering  to  a  point  at  the  hottom, 
very  similar  in  shape  to  the  sink  lioles  so  common  in 
some  of  the  limestone  regions  of  western  Kentucky.  This 
is  the  only  place  in  the  district  where  such  depressions 
were  found.  In  some  of  these  depressions  the  clay  thick- 
ens to  twice  its  normal  thickness.  In  other  place.';  the 
limestone  lumps  up  and  almost  cuts  out  the  clay.  In  no 
place,  however,  lias  the  clay  heen  entirely  cut  out.  This 
irregularity  in  the  bottom  of  the  clay  occurs  in  the  south- 
western part  of  the  mine.  In  the  northeast  portion  the 
limestone  has  given  no  trouble.  The  shale  roof  is  softer 
here  than  in  the  southwestern  part  of  the  mine,  but  the 
qunlily  of  the  clay  is  better. 


Flfl.  5. 

Section  of  Louisville  Fire  Brick  Work's  iline,  Gralin,  Ky. 

1.  Sandstone. 

2.  Shale. 

3.  Plastic  Clay. 

4.  Coal. 

5.  Plastic  Clay. 

6.  Limestone. 

On  coming  east  the  little  coal  which  was  one  to  two 
inches  thick  at  Olive  Hill  has  thickened  to  eiglit  inches 
in  the  mines  at  Grahn. 

Four  grades  of  clay  are  fouml  in  the  same  bed  iicre. 
The  No.  1  flint  olay  varies  in  thickness  from  a  knife  edgo 
to  9  feet.  In  places  the  flint  is  entirely  replaced  liy  the 
Ko.  2  clay.  The  latter  is  a  white  plastic  clay  whicii  is  the 
most  unifonn  of  any  clay  found  in  the  mine.  However,  it 
varies  from  1*  to  (!  feet  in  thickness,  and  in  a  few  places  it 
is  entirely  absent.     Number  3  clay  is  a  red  plastic  clay 
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which  lies  beneath  the  No.  2  and  varies  from  1  to  4  feet  in 
thickness.  Number  4  is  a  gray  to  dark  plastic  clay  which 
comes  above  the  coal.  It  is  mined  and  used  with  the  other 
clavs.  It  varies  in  thickness  from  0  to  5  feet.  It  is  the 
most  irregular  of  any  of  the  clays. 

The  average  thickness  of  all  of  the  clays  is  6  feet. 
"Where  No.  1  is  thick  the  others  are  thin.  Where  one  clay 
thickens  the  others  thin  correspondingly. 

The  company  is  now  erecting  a  7-kiln  fire  brick  plant 
at  the  junction  of  Grassy  and  Gonnan  Fork  a  short  dis- 
tance above  Grahn  station,  to  be  known  as  the  Grahn  Fire 
Brick  Works.  A  spur  from  the  Chesapeake  and  Ohio 
Railroad  is  built  from  the  station  to  the  tipple  at  the 
mouth  of  the  mines.  The  kilns  are  built  on  the  north 
side  of  the  plant  beside  the  spur  and  the  bricks  from  the 
kilns  can  be  loaded  directly  into  the  cars.  The  plant  will 
bo  equipped  with  one  dry  pan,  two  wet  pans,  and  one 
brick  machine.  The  daily  capacity  will  be  32,000. 

The  fire  clay  horizon  extends  eastward  from  Grahn 
to  Aden.  The  Conglomerate  above  and  the  limestone 
below  the  fire  clay  may  be  seen  more,  or  less  continuously 
between  these  places.  Between  Grahn  and  Aden  the 
Chesapeake  and  Ohio  Railroad  Company  has  cut  a  tunnel 
through  a  small  projection  of  the  hill  at  the  level  of  the 
fire  clay.    The  following  is  a  section  at  the  tunnel : 

Feet. 

Rotten  shale  7 

Coal 1 

Fire  clay  of  poor  quality  11 

Iron   ore   1^4 

Flinty  limestone  in  beds  six  inches  to  three  feet  in  thick- 
ness     8 

.  Aden. — The  fire  clay  was  worked  at  Aden  for  about 
20  years,  but  the  work  was  shut  down  at  the  time  of  writ- 
er 's  visit.  The  clay  was  shipped  principally  to  the  Louis- 
ville Fire  Brick  Works,  of  Louisville. 

The  mine  was  opened  under  the  heavy-bedded  Con- 
glomerate sandstone  which  forms  a  high  cliflf  at  Aden. 
The  thickness  of  the  clay  varies  from  3  to  7  feet  with  a 
general  average  of  41/0  feet.  The  roof  of  the  mine  is 
shale  with  the  thin  coal  below.    In  places,  however,  there 
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is  a  dark  plastic  clay  which  comes  above  the  coal.  It  is 
refractory  and  was  mined  and  used  with  the  other  chiys. 

Where  this  is  present  there  is  a  corresponding  thin- 
ning of  the  shale. 

The  coal  at  the  top  of  the  clay  in  the  Aden  mine  has 
thickened  to  26  inches  and  has  a  shale  parting  one  or  two 
inches  in  thickness. 

Mr.  Saulsbury,  the  owner  of  the  mine,  reports  that 
about  one-tenth  of  the  clav  of  this  mine  was  flint  and  the 
remainder  plastic. 

Prater  Openincj. 

Two  miles,  north  of  Aden  on  Dry  Fork  an  .o])ening 

was  made  on  the  fire  clav  on  th(»  Prater  land.    The  entrv 

.■  • 

was  driven  180  feet  into  the  hill.  The  coal  here  is  two 
feet  thick  and  was  used  locally  for  fuel.  The  following 
section  was  made  at  the  opening: 

Feet 
Shale  roof. 

No.  4  fire  clay  2 

Coal  2 

Flint  clay  2 

Semi-hard   clay 2 

Pink  eye  clay. 

Maddix  Clay. — On  Mr.  P.  F.  Maddix's  land  on  the 
north  side  of  Big  Sinking  creek,  near  the  mouth  of  Mad- 
dix branch,  is  an  exposure  of  fire  chiy  which  is  20  to  25 
feet  thick  from  the  top  of  the  coal.  Fragments  of  the 
flint  clay  have  rolled  down  the  hill,  but  it  is  not  possible 
to  determine  the  thickness  of  the  flint. 

About  one  mile  south  of  Aden,  near  the  ford  across 
Big  Sinking,  Mr.  Maddix  drove  a  twenty-yard  entry  on 
the  fire  clay.  The  clay  was  found  to  be  8  feet  thick  with 
15  to  24  inches  of  flint  clay.  The  coal  here  is  16  inches 
thick.  The  Conglomerate  sandstone  forms  the  roof  of 
the  mine. 

Farther  up  the  creek  Mr.  Maddix  worked  the  clay 
for  a  short  time.  An  extra  fine  quality  of  white  flint 
clay  was  obtained  at  this  old  pit. 

The  most  eastward  extension  of  the  fire  clay  and 
Mississippian  limestone  found  on  Big  Sinking  was  found 
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on  the  south  side  of  the  stream  just  above  the  mouth 
of  Halls  branch.  The  top  of  the  limestone  is  here  near 
the  water's  edge.  It  is  reported,  however,  tliat  the  clay 
and  limestone  occur  on  Mr.  Ike  Isom's  land,  i/4  mile  be- 
low the  mouth  of  Hall 's  branch. 

A  nimiber  of  openings  have  been  made  on  the  fire 
clay  on  Big  Sinking  to  the  south  and  southeast  of  Olive 
Hill.  The  region  is  so  inaccessible,  however,  that  the 
clay  can  never  be  utilized  without  a  railroad  up  that 
stream.  The  clay  where  seen  by  the  writer,  is  of  good 
quality,  and  the  deposits  are  sufficiently  thick  to  be  profit- 
ably mined  if  there  was  any  means  of  getting  it  to 
market. 

A  road  leading  south  from  Olive  Hill  to  Big  Sinking 
up  Ben's  Run  crosses  a  high  divide  which  is  405  feet 
above  low  water  in  Big  Sinking  at  Joseph  Field's  house 
below  the  mouth  of  Spruce  branch. 

The  clay  has  been  opened  on  Joseph  Field's  place 
at  an  elevation  of  800  feet  above  sea  level.  Flint  clay 
was  found  on  the  old  clay  dump,  but  the  thickness  of  the 
bed  could  not  be  determined. 

The  following  instructive  section  was  made  along 
the  road  from  Joseph  Field's  house  on  Big  Sinking  to 
the  top  of  the  divide  near  the  head  waters  of  Ben's  Eun. 
The  elevations  given  were  determined  by  the  barometer 
and  are  subject  to  change. 


1115  A. 

T. 

Top  of  highest  hill. 
Shale. 

1080  A. 

T. 

Coal  bloom. 
Shale. 

1045  A. 

T. 

Thin  bed  of  sandstone. 
Shale. 

1040  A. 

T. 

Coal  bloom. 
Shale. 

1010  A. 

T. 

Four-foot  vein  of  coal  which  is  now  being  worked. 
Shale. 

990  A. 

T. 

Thin  coal. 
Shale  interval. 

985  A. 

T. 

Thin  bedded  sandstone  interval- 

920  A. 

T. 

Top  of  Conglomerate  sandstone- 
Conglomerate  sandstone  interval  forming  steep  cliffs 

800  A. 

T. 

Base  of  Conglomerate  and  fire  clay  horizon. 
Heavy  bedded  limestone  interval. 

710  A. 

T. 

Bed  of  creek  in  Big  Sinking. 
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A  5-foot  bed  of  fire  clay  is  reported  to  have  been 
opened  on  Jno.  Baker's  land  near  the  mouth  of  Dudley 
"branch.  A  number  of  other  openings  of  fire  clay  have 
been  made  in  this  region  of  Big  Sinking  but  the  writer 
did  not  see  them. 

Barrett ^s  Creek. — Barrett's  creek  rises  within  two 
miles  of  Tygart  creek,  flows  in  a  general  easterly  direc- 
tion and  empties  into  little  Sandy  river  about  one  and 
one  half  miles  below  Grayson. 

In  its  upper  course  the  stream  has  cut  through  about 
350  feet  of  Coal  Measure  rocks  and  exposed  the  top  of  the 
Mississippian  limestone  for  a  distance  of  about  two  miles 
on  main  Barrett  above  the  mouth  of  Smith  branch,  and 
for  about  the  same  distance  on  the  latter  stream. 

The  flint  clay  has  been  opened  on  main  Barrett  a 
short  distance  above  Bull's  Eye  spring.  A  heavy  ]yed 
of  shale  forms  the  roof  of  the  clay.  The  Conglomerate 
is  not  exposed  in  the  region  where  the  limestone  occurs. 
The  elevation  of  the  clay,  barometric  reading,  is  750  feet 
above  sea  level. 

The  crest  of  the  divide  between  Barrett  creek  and 
Tygart  creek  is  1,100  feet  above  sea  level. 

On  the  west  side  of  the  divide  the  Conglomerate 
forms  precipitous  cliffs  along  Tygart  creek  85  to  100  feet 
high. 

The  Mississippian  limestone  on  Tj\gart  at  the  mouth 
of  Smoky  Fork  is  75  feet  thick.  It  thickens  on  Cave  branch 
to  110  feet.  About  60  feet  of  AVaverly  are  exjiosed  at 
this  place. 

(^AVE  Branch. — About  one-half  mile  up  Cave  branch 
on  the  south  side  of  the  stream  the  Conglomerate  sand- 
stone rests  directlv  on  the  limestone  without  any  fire 
clav,  shale  or  iron  ore  between. 

Sutton  Branch. — Two  miles  up  Sutton  from  its 
mouth  the  fire  clav  occurs  on  Mr.  N.  F.  Burris'  land  at 
an  elevation  of  940  feet  above  sea  level.  A  short  distance 
above  this,  on  Mr.  James  McGuire's  land,  the  fire  clay 
outcrops  in  a  number  of  places.  At  an  exposure  on  the 
west  side  of  the  road  just  above  his  house  the  clay  is  13 
feet  thick  with  five  feet  of  flint  of  good  quality  and  the 
remainder  is  a  yellowish  plastic  clay,  and  ^'pink  eye''  at 
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the  base.    At  the  base  of  the  pink  eye  is  a  five-inch  bed 
of  carbonate  of  iron. 

The  Conglomerate  and  the  limestone  are  both  prom- 
inent on  Sutton.  The  AVaverly  extends  up  the  stream 
from  its  mouth  for  a  distance  of  onlv  two  miles. 

Buffalo  Fork. — On  Mr.  Joseph  Pence's  land,  one 
mile  east  of  Carter  on  a  branch  of  Buffalo  Fork,  the  flint 
fire  clay  has  been  opened  showing  the  following: 

Feet 
Conglomerate  to  top  of  hiU. 

Covered  8 

Flint  clay  of  oolitic  structure  4 

Impure  sandy  flint  IV^ 

"Pink  eye"  clay. 

The  elevation  of  the  Pence  opening  is  1,030  feet 
above  sea  level.  This  opening  was  made  on  the  south  side 
of  the  hill.  An  old  opening  was  formerly  made  on  the 
east  side  of  the  same  hill  below  the  Conglomerate.  At 
the  extreme  north  end  of  the  hill  facing  Buffalo  Fork, 
the  clay  has  recently  been  opened  by  some  parties  from 
Carter  County.  It  was  found  at  two  horizons,  one  at 
the  base  of  the  Conglomerate  and  the  other  about  twenty 
feet  above  in  the  Conglomerate.  Weathered  fragments 
of  flint  clay  w^ere  found  around  the  east  side  of  the  hill 
twenty  to  thirty  feet  above  the  base  of  the  (Vuiglomerate. 

Deep  Cut. — The  elevation  of  the  crest  of  the  ridge 
between  the  waters  of  Kinniconick  and'  those  of  Smith's 
Creek  is  1,300  feet  above  sea  level,  barometric  readuig. 
The  Chesapeake  and  Ohio  Railroad  crosses  the  divide  at 
this  point  through  what  is  known  as  Deep  Cut.  About 
twenty-eight  feet  of  Waverly  are  exposed.  The  Missis- 
sippian  Umv^stone  is  eighty  feet  thick  with  a  ten-foot  bed 
of  red  shale  between  the  two  formations.  The  elevation 
of  the  top  of  the  limestone  is  1,240  feet  above  sea  level. 

Carver  Clay  Pit. — At  a  point  on  the  road  one-half 
mile  south  of  I'eep  Cut  at  an  elevation  of  1,240  feet  above 
sea  level  is  an  old  clay  pit  which  is  known  as  the  Carver 
clay  pit.  It  was  worked  about  twelve  years  ago  by  Mr. 
William  Cooper  and  the  clay  shipped  to  (^ovington,  Ash- 
land and  Huntington.    The  clay  is  all  of  the  flint  variety. 
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Some  of  it  is  of  an  oolitic  structure;  some  is  red  and 
some  a  clear  white  with  a  dense  smooth  texture. 


Fig.  6. 

Section  at  Carver  Claj-  Pit,  showing  Conglomerate  under  Flint  Clay. 

1.  Sandstone. 

2.  Flint  Pire   Clay. 

3.  Conglomerate. 

4.  LlmCBtone. 

On  the  west  side  of  the  road,  and  less  than  100  yards 
from  the  old  oiay  pit,  the  Conglomerate  forms  a  bold 
clifF,  which  is  forty  feet  high.  The  relation  of  the  clny 
to  the  Conglomerate  is  shown  in  the  following  section: 

Elevation 
'  Above  Tide. 

Carver  Clay  pit  1240 

Top  of  Conglomerate  aandatone  1220 

Top  of  Missisalpplan  limestone  1180 

There  is  a  pronounced  southward  dip  of  the  rocks  as 
shown  along  the  road  from  Deep  Cut  to  the  Carver  Clay 
pit.  Ko  clay  of  any  consequence  was  observed  between 
the  Missis.sippian  limestone  and  the  Conglomerate  at 
Deep  Cut  or  at  the  Carver  pit. 

EiLEv  Clay  Opening, — About  one  mile  west  of  the 
Carver  clay  pit  on  the  west  side  of  the  road,  the  flint  fire 
clay  has  been  opened.  According  to  the  barometer  the 
elevation  of  the  clay  at  the  latter  place  is  ten  feet  lower 
than  it  is  at  the  Carver  pit.  The  clay  occurs  beneath  a 
three-foot  lodge  of  sandstone,  the  lowest  two  inches  of 
which  is  brecciated  with  angular  fragments  of  flint  clay. 
The  clay  deposit  is  six  feet  thick  and  all  flint  except 
eight  inches  of  plastic  next  to  the  sandstone  roof. 
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Old  Air  Furnace/' — The  limestone  is  present 
along  the  county  line  on  the  headwaters  of  Brushy  creek 
at  an  elevation  of  1240  feet  above  sea  level.  The  high- 
est hills  rise  about  60  feet  higher.  The  flint  fire  clay 
was  said  to  have  been  mined  at  *'()ld  Air  Furnace/'  on 
the  countv  line  at  the  head  of  Brushv,  and  used  at  Boone 
Furnace  AVorks  for  lining  the  furnace.  An  old  pit  with 
fragments  of  flint  fire  clay  on  the  dump  marks  the  location 
of  '*01d  Air  Furnace."  The  clay  is  very  dense  and  re- 
sistent  to  the  weathering  agents.  It  is  oolitic  in  struc- 
ture. Limestone  outcrops  on  the  hillside  twenty  feet 
beloAv. 

Grassy  Creek. — A  de])osit  of  flint  clay  has  been 
opened  on  the  north  side  of  Grassy  creek,  about  one  mile 
from  Boone  Furnace.  The  clay  has  been  uncovered  to  a 
depth  of  fourteen  feet  with  no  trace  of  plastic  clay  above 
or  below.  It  is  a  white  clay  of  a  dense,  smooth  structure 
with  apparently  no  iron  or  other  impurities.  On  expo- 
sure to  the  elements  it  weathers  into  small  rectangular 
blocks.  The  deposit  is  near  the  top  of  the  ridge.  The 
Mississippian  limestone  is  present  on  the  op])osite  side 
of  the  hill  twenty  to  thirty  feet  below  the  flint  clay.  The 
elevation  of  the  clay  opening  is  1,160  feet  above  sea  level. 

The  following  is  a  section  of  the  strata  at  the  head 
of  Grassy  Creek  made  by  A.  R.  Crandall  in  the  report 
on  the  Geology  of  Greenup,  Carter  and  Boyd  Counties, 
Kentucky  Geological  Survey.    Section  6,  plate  No.  .S : 

Feel. 
Top  of  Hin. 

Coarse  sandstone  about  20  ^ 

Fire  clay  about     7 

Dark    shale    about    5  ^40  feet 

Sandstone  about    5 

Limestone  ore  about    3 

Sub  Carboniferous  limestone  90 

Waverly. 

The  following  analyses  show  the  quality  of  the  clays 
from  this  region : 

No.  1 

Silica    45.96 

Alumina  38.53 

Oxide  of  iron  Tr. 


No.  2 

No.  3 

No.  4 

45.56 

54.62 

48.56 

43.77 

32.46 

37  47 

Tr. 

Tr. 

Tr. 
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Lime  14                .14  Tr.  .11 

Magnesia  Tr.  Tr.  Tr.  Tr. 

Phosphoric    acid    Tr.  Tr  Tr.  Tr. 

Potash  25                .96  .21  .28 

Soda  34                .72  .67  .28 

Loss  on  ignition  14.21  8.52  11.78  1303 

Analyses  from  Kentucky  Geological  Survey  Reports. 


The  flint  clay  is  reported  to  be  present  on  both  sides 
of  Three  Prong  Creek  and  also  on  the  waters  of  Leather- 
wood  creek. 

A  fourteen-foot  deposit  of  flint  clay  is  rey^orted  on 
the  south  side  of  Lost  creek  near  Tygart  creek  about  one 
mile  west  of  She  Bear  creek. 

ZoRNEs  Branch. — Near  the  mouth  of  Zornes  branch 
the  fire  clay  outcrops  in  the  road  on  Garrette  Zornes' 
place.  The  outcrop  here  shows  about  twelve  feet  of  flint 
clay.  Here  as  at  the  other  localities  in  northern  Carter 
County  the  clay  is  up  in  the  Conglomerate  and  not  at  the 
contact  between  the  Conglomerate  and  the  Mississippian 
limestone.  The  Conglomerate  fonns  a  cliff  around  the 
hill  below  the  fire  clay  and  is  also  present  above  the  clay. 
The  clay  has  never  been  opened  and  its  quality  cannot 
be  determined  by  the  surface  exposure. 

EocK  Spring  Creek. — A  bed  of  flint  clav  has  been 
opened  on  Mr.  W.  F.  Partee's  land  on  the  west  side  of 
Rock  Spring  creek,  about  one  mile  south  of  the  mouth 
of  Zornes'  branch.  Two  openings  have  been  made  on  the 
fire  clay  at  this  place.  The  lower  one  is  at  the  top  of  the 
Mississippian  limestone  horizon  at  an  elevation  of  925 
feet  above  sea  level,  and  the  other  up  in  the  Conglomerate 
twenty-five  feet  higher.  The  upper  one  is  a  hard,  impure 
flint  clay  of  a  greenish  cloudy  effect.  The  green  color 
is  due  to  tlie  presence  of  ferrous  iron  and  vegetable  mat- 
ter.   The  lower  clay  is  of  a  gi'ay  color. 

Iron  ITtll. — A  deposit  of  flint  clay  outcrops  on  the 
east  side  of  the  road  on  Clark  branch  about  one  mile 
north  of  Iron  Hill.  The  Mississippian  limestone  is  absent 
here  and  tlie  clav  rests  direct! v  on  the  Waverly.  llow- 
ever,  tlie  limestone  is  present  farther  down  the  branch. 
The  following  section  was  made  of  the  outcrop.  Eleva- 
tion of  the  eiav  875  feet  above  sea  level. 
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Feet. 

Flint  clay 2 

Red  shale 2 

Blue   shale   5 

Thin  bedded  sandstone  and  shale  to  bed  of  branch. 

The  flint  fire  clav  lias  been  uncovered  on  Mr.  William 
Newman's  land  on  Stump's  Eun  three-fourths  of  a  mile 
east  of  Iron  Hill.  The  elevation  of  the  clay  at  this  place 
is  825  feet  above  sea  level,  or  115  feet  above  the  bed  of 
Tygart  ereok  at  Iron  Ilill  bridge.  The  following  is  a 
section  of  the  opening: 

Feet. 

Iron   ore    ^ 

Plastic  clay  3 

Boulder  flint  clay  5 

Pink  eye. 

Everman's  Creek. — Everman's  creek,  like  Barrett's 
creek  to  the  south,  has  cut  through  the  Coal  Measure 
rocks  and  exposed  the  Mississippian  limestone  for  al>out 
three  miles  of  its  course.  A  small  fold  brings  up  the  lime- 
stone within  about  one  mile  of  the  headwaters  of  the 
stream.  It  outcrops  on  main  Everman  and  for  about 
one  mile  up  Stewart  branch.  It  continues  down  the  main 
stream  for  about  three-fourths  of  a  mile  below  the  mouth 
of  Stewart  branch  and  then  dips  imder  the  level  of  the 
creek.  It  appears  again  farther  down  the  stream  a  short 
distance  above  Wolf  Pen  branch  and  continues  to  near 
the  mouth  of  the  Right  Fork  of  Everman. 

A  deposit  of  flint  clay  has  been  opened  on  the  north 
side  of  Everman's  creek  about  one  mile  above  the  mouth 
of  Stewart  l)ranch.  The  clay  is  about  four  feet  thick 
and  is  overlain  by  ten  feet  of  black  shale.  The  quality 
of  the  clay  is  poor  due  to  the  amount  of  iron  contained 
in  it. 

At  Adkins  Post  Office,  near  the  mouth  of  Stew^art 
branch,  the  clay  occurs  in  the  form  of  a  very  hard  flint  of 
a  cloudy  blue  color  known  as  ** calico  clay."  On  exposure 
to  the  weathering  agents  it  does  not  disintegrate  like 
the  pure  Xo.  1  flint.  It  forms  a  small  fall  in  the  branch 
in  front  of  the  Post  Office  w^here  the  clay  is  six  feet  thick. 
The  upper  part  of  the  deposit  is  of  an  amorphous  struc- 
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ture  similar  to  the  other  deposits  of  the  district :  the  cen- 
ter and  the  lower  portions  are  in  stratified  layers. 

The  stratified  portion  of  this  deposit  has  a  strncture 
that  was  not  observed  in  any  other  deposit  in  the  terri- 
tory. It  consists  of  a  series  of  parallel  joints  which  ex- 
tend in  a  northeast  and  southwest  direction  with  another 
set  at  right  angles  to  the  first. 

It  will  be  seen  from  the  description  of  the  clays  of 
northern  Carter  County  that  the  deposits  are  numerous 
and  in  many  places  of  great  thickness,  but  the  quality 
of  the  clav  is  not  as  uniform  as  it  is  in  the  territory 
around  Olive  Hill  and  in  the  southwestern  part  of  the 
county.  Some  of  the  analyses  of  the  clays  from  the  Boone 
Furnace  territory  show  the  clay  to  be  of  exceptional 
purity.  In  most  of  the  other  localities,  however,  the  l)lue 
or  greenish  clay  is  present  in  greater  or  less  quantities. 
It  is  practically  worthless  on  account  of  the  great  amount 
of  iron  it  contains. 

Oldtown  Creek. — A  bed  of  flint  fire  clay  is  reported 
to  overlie  the  Mississi))pian  limestone  near  the  head- 
waters of  North  Fork  of  Oldtown  creek  in  Greenup 
county. 

CoAi.  Branch. — Coal  branch  is  a  small  stream  that 
rises  within  a  mile  of  Tygart  creek,  flows  due  east  and 
empties  into  the  Ohio  river  one  mile  above  Greenup.  The 
Waverly  outcrops  on  the  hillsides  and  in  the  bed  of  the 
stream  for  about  three  miles  up  the  creek.  The  Mis- 
sissippian  limestone  was  not  observed  on  Coal  branch 
or  any  of  the  streams  entering  the  Ohio  from  Greenup 
north  to  Tongs.  North  of  Tongs  it  forms  a  thin  band 
in  the  hills  around  the  point  between  the  Ohio  and  Tygart 
creek.  West  of  Tygart  creek  in  Greenup  t^ounty,  the 
limestone  is  present  on  all  of  the  streams  south  of  Big 
White  Oak  creek.  From  here  to  the  Ohio  river  it  is  found 
only  on  the  headwaters  of  the  largest  streams. 

However,  in  all  of  the  territorj^  of  Greenup  County 
where  the  Waverly  is  present  there  is  a  considerable 
amount  of  siliceous  flint  covering  the  hillsides  below  the 
base  of  the  Coal  Measure  rocks.  The  limestone  was  evi- 
dently deposited  over  this  territorj^  and  subsequently 
eroded  before  the  deposition  of  the  Coal  Measure  rocks. 
The  flint  contained  in  the  limestone  was  less  easilv  de- 
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com])ose(l  by  the  weathering  agents  and  was  left  behind 
as  the  remnant  of  the  former  great  mass. 

A  number  of  fire  clay  openings  have  l)een  made  on 
Coal  braneli.  The  clay  is  of  Coal  Measure  age  as  it 
occurs  in  shales  and  sandstones  above  the  top  of  the 
Waverly.  In  most  places  there  is  a  bed  of  coal  below  the 
fire  elav. 

The  (»lav  contains  a  considerable  amoimt  of  free 
silica,  and  iion,  the  latter  giving  it  a  greenish  color.  The 
clay  is  of  a  l)recciated  nature  containing  angular  frag- 
ments of  flint  in  the  clay  matrix,  similar  to  the  clay  de- 
posits found  up  in  the  Conglomerate  in  northern  Carter. 

Big  White  Oak. — Flint  clay  is  present  on  Tygart 
creek  opposite  the  mouth  of  Big  White  Oak  at  an  eleva- 
tion of  190  feet  above  low  water  in  Tvgart  creek.  The 
thickness  of  the  clav  was  not  determined.  The  clav  hori- 
zon  is  marked  on  the  hillside  by  a  pronounced  bench 
which  is  near  the  top  of  the  Waverly. 

Three  miles  up  Big  White  Oak  on  Mr.  J.  W.  Thomp- 
son's  land  near  Truitt  P.  0.,  the  fire  clay  outcrops  at  an 
ekn^ation  of  200  feet  above  the  stream.  The  clay  is  alx)ut 
six  feet  thick.  The  bottom  of  the  clay  is  highly  siliceous 
and  of  poor  quality. 

The  Elarbison-Walker  company  have  opened  the  clay 
on  the  headwaters  of  Big  White  Oak  near  the  site  of  the 
Old  Kenton  Furnace  wliere  it  is  reported  to  be  of  bet- 
ter quality  but  is  inaccessible  at  the  present  time. 

McCall. — Charles  Taylor's  Sons  of  Cincinnati  have 
a  fire  brick  plant  at  McCall  on  the  main  line  of  the  Chesa- 
peake and  Ohio  Railroad  near  the  mouth  of  Tygart  creek, 
two  miles  above  South  Portsmouth. 

The  clay  used  at  this  jDlant  is  obtained  on  the  south 
side  of  Schultz  creek  six  miles  south  of  the  plant.  The 
clay  is  conveyed  from  the  mine  to  the  plant  over  a  nar- 
row gauge  railroad  in  cars  drawn  by  a  small  engine. 

The  mouth  of  the  mine  is  245  feet  above  the  bed  of 
Schultz  creek  and  100  feet  below  the  top  of  the  hill. 
There  is  a  strong  eastward  dip  in  the  mine  of  eight  feet 
in  sixty.  The  eastward  dip  continues  for  only  a  short 
distance  where  there  is  a  reverse  dip. 

The  clay  from  this  mine  is  of  an  inferior  quality  to 
that  found  in  the  vicinity  of  Olive  Hill.     The  flint  clay 
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contains  free  silica  and  there  is  so  much  iron  in  it  that 
the  bricks  made  of  it  are  spotted  and  off  color  gener- 
ally.   Manv  of  the  bricks  burn  dark.    The  foUowiuir  is  a 

»  *■ 

section  at  the  mine: 


& 


Feet    Inches. 

Coarse  grained  sandstone  to  top  of  hill 100 

Shale   8 

Coal    2-6 

No.  2  plastic  of  a  dark  blue  color 3 

No.  1  flint  5  6 

"Pink  eye"  clay. 

The  hillsides  below  the  mouth  of  the  mine  are  cov- 
ered Avith  angular  fragments  of  flint,  but  no  limestone  was 
observed. 

The  brick  plant  at  McCall  has  seven  rectangular, 
down-draft  kilns  of  60,000  capacity  each  and  one  round, 
down-draft  kiln  of  30,000  capacity.  The  daily  output  of 
the  plant  is  20,000  bricks.  There  are  two  wot  mud  pans 
and  one  dry  ])an.  The  clay  is  first  gi'ound  in  the  dry  pan 
and  then  conveyed  by  an  endless  belt  to  the  wet  mud  pans 
where  it  is  mixed  with  water  and  jnigged  for  twenty  min- 
utes into  a  stiff  mud.  The  bricks  are  all  molded  by  hand. 
One  man  molds  4,600  standard  sized  bricks  a  day.  The 
bricks  are  dried  on  a  cement  floor  heated  from  beneath. 
It  requires  about  seven  days  for  burning  a  kiln  of  bricks. 

The  calcine,  the  No.  2  plastic  and  the  best  grade  of 
flint  used  at  this  plant  come  from  Olive  Hill.  Those  are 
mixed  with  the  clay  from  Schultz  creek.  A  vorv  desira- 
ble  brick  is  made  of  seventy  parts  of  No.  1  flint,  nine  parts 
of  No.  2  plastic  and  six  parts  of  calcine. 

Dry  Run. — The  flint  fire  clav  was  formerly  mined  on 
the  east  side  of  Tygart  creek  opposite  the  mouth  of  Dry 
Run  and  also  on  the  w^est  side  of  Tygart  between  Dry 
Rim  and  Plum  creek.  The  clav  was  hauled  to  the  Ohio 
river  at  Edgington  and  shipped  to  the  Adams  Fire  Brick 
Plant  at  Portsmouth. 

RocKv  Branch. — About  eight  years  ago  ]\[essrs.  p]dg- 
ington,  Lou  Art  and  J.  Johnson  opened  a  clay  mine  on 
the  south  side  of  Rocky  Branch  facing  the  Ohio  river. 
Two  kilns  were  built  here  and  the  clay  was  calcined  and 
shipped  to  Steubenville  and  to  Pittsburg  for  glass-pot 
making.    The  opening  was  driven  180  feet  into  the  hill. 
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The  clay  is  six  feet  thick  at  the  old  opening  and  is  said 
to  be  of  good  quality.  It  occurs  l)eneath  a  good  shale 
roof  with  a  14-inch  seam  of  coal  between  the  clav  and 
the  shale.  The  mine  was  operated  for  two  years  and 
then  abandoned. 

LiMEViLLE  (Tongs  P.  O.). — The  Mississippian  lime- 
stone is  present  in  the  high  hill  facing  the  Ohio  river  just 
back  of  Limeville.  The  flint  fire  clay  horizon  here  is 
composed  of  a  thin  bed  of  green  shale,  which  is  appar- 
ently refractoiy.  The  heavy  bedded  limestone  has  been 
recently  utilized  by  the  Wilson  Ballast  company  for  mak- 
ing railroad  ballast.  The  following  section  was  made 
at  the  crusher : 

Feet. 

Beds  of  siUceous  shale  interbedded  with  ledges  of  coarse- 
grained sandstone  65 

Hard  siliceous  brecciated  sandstone  containing  plant  re- 
mains           5 

Irregular  wavy  bed  of  green  siliceous  shale  weathering 
in  places  to  a  deep  red  color,  iron  ore  is  found  im- 
bedded in  the  shale.  There  is  a  marked  unconformity 
between  this  horizon  and  the  one  below  2-5 

Mississippian  limestone  30 

Waverly  to  bottom  of  the  hiU  280 

Ashland  District. 

The  Ashland  district,  as  previously  stated,  includes 
the  fire  clay  deposits  associated  with  the  coal  seams  which 
occur  in  the  area  included  in  this  report.  The  lower  part 
of  the  coal  measure  rocks  overlie  the  fire  clays  of  the 
Olive  lEill  district,  but  the  fire  clays  of  economic  import- 
ance of  the  Ashland  district  occupy  a  well  defined  area, 
the  western  limit  of  which  is  from  four  to  ten  miles  east 
of  the  most  eastern  outcrops  of  the  Olive  Hill  fire  clay. 

The  most  important  fire  clay  deposit  of  the  Ashland 
district  is  that  associated  with  the  Ferriferous  limestone. 
The  outcrops  of  the  limestone  and  the  clay  occur  in  the 
hills  a  short  distance  east  of  Little  Sandv  river  from  the 
Elliott  county  line  to  the  Ohio  river.  The  area  increases 
in  width  from  about  two  miles  in  the  southern  part  to 
about  fourteen  miles  in  the  northern  part.  The  clay  is 
found  in  all  the  high  hills  facing  the  Ohio  river  from  the 
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mouth  of  the  Big  Sandy  to  near  the  mouth  of  Yewlands 
creek,  four  miles  above  Greenup.  The  rise  of  the  strata 
to  the  northwest  carries  it  beyond  the  tops  of  the  hills 
west  of  Little  Sandy  river. 

Southeast  of  the  area  described  the  dip  carries  the 
fire  clay  below  drainage  level.  The  clay  is  found  in  well 
borings  at  increasing  depths  as  the  distance  from  the  sur- 
face outcrop  increases. 

The  fire  clay  deposits  of  this  district  are  finely  com- 
minuted sediments  which  have  reached  their  present  po- 
sition through  the  agency  of  water.  They  occur  as  hori- 
zontal beds  and  usuallv  form  the  floor  of  coal  seams. 

There  are  three  grades  of  fire  clay  found  in  the  Ash- 
land district.  These  are:  the  No.  1  plastic,  the  No.  2 
plastic,  and  the  flint.  The  latter  occurs  in  thin  bands 
through  some  of  the  plastic  beds,  and  composes  a  very 
small  per  centage  of  the  whole. 

There  are  three  areas  of  the  Ashland  district  where 
the  fire  clav  has  l>een  worked.  These  are  at  Willard, 
near  the  southern  border;  at  Hitchins  and  Denton,  near 
the  center;  and  at  Ashland  and  Catlettsburg,  on  the  Ohio 
river.  A  description  of  the  mines  and  the  fire  brick 
plants  of  the  district  will  be  given  in  detail. 

Willard. — The  Ferriferous  limestone  outcrops  on 
either  side  of  Little  Fork  in  the  town  of  Willard.  Rest- 
ing directly  on  the  limestone  is  a  bed  of  plastic  fire  clay 
which  has  been  mined  in  two  places  in  the  town  of  Wil- 
lard. 

At  the  northern  edge  of  town  Dr.  H.  B.  Fraley 
opened  a  mine  on  the  fire  clay  and  operated  it  for  some 
time,  but  had  to  abandon  it  on  account  of  excessive  freight 
rates  and  the  low  price  of  clay.  The  mine  was  located 
on  the  east  side  and  about  twenty  feet  above  the  track 
of  the  Eastern  Kentucky  Railroad.  The  clay  was  dra\vn 
out  of  the  mine  in  small  cars  and  loaded  directly  into  the 
cars  from  a  tipple. 

The  clay  is  rei^orted  to  be  of  good  quality  and  is  a 
valuable  clay  when  used  with  flint  clay  and  calcine.  It 
is  a  highly  plastic  variety  and  has  a  high  shrinkage  when 
used  alone. 

At  the  eastern  edge  of  Willard  the  Willard  Fire  Clay 
Company  opened  and  cporated  a  clay  mine  at  the  same 
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geological  horizon  as  the  Fraley  mine.  Clay  was  shipped 
from  here  for  some  time,  but  excessive  freight  rates  and 
the  low  price  of  clay  made  the  work  unprofitable. 

The  mine  was  worked  ])y  drift.  At  the  mouth  of  the 
mine,  wliicli  is  now  closed,  the  clay  is  five  feet  thick.  At 
the  surface  the  clay  Avas  slightly  stained  with  ferric 
oxide,  but  farther  in  it  is  reported  to  be  of  a  light  gray  to 
bluish  color.  The  lower  third  of  the  bed  is  of  lighter 
color  and  harder  than  the  upper  two-thirds.  A  thin 
seam  of  coal  is  reported  near  the  top  of  the  clay. 

Just  below  the  Ferriferous  limestone  in  the  western 
edge  of  Willard,  at  the  foot-bridge  across  Little  Fork, 
is  a  deposit  of  black  shale  eight  to  ten  feet  in  thickness. 
At  the  base  of  the  shale  is  a  thin  coal  wliicli  rests  directly 
on  heavy  bedded  sandstone.  Near  the  top  of  the  shale 
is  a  thin  deposit  of  plastic  fire  clay  with  a  band  of  flint 
clay  between  the  plastic  clay  and  the  limestone.  The 
shale  and  fire  clav  below  the  limestone  would  make  an 
excellent  material  for  sewer  pipe.  Samples  of  the  raw 
clay  and  the  shale  have  been  tested  for  this  purpose  Avitli 
good  results.  Could  satisfactory  freight  rates  over  the 
Eastern  Kentucky  Railroad  to  Hitchins  be  obtained,  this 
would  be  a  desirable  location  for  the  erection  of  a  sewer 
pipe  or  paving  brick  plant.  Fuel  for  such  a  plant  could 
be  obtained  at  a  minimum  cost  from  coal  mines  which  are 
now  being  operated  in  this  locality. 

The  following  analysis  of  the  fire  clay  from  Willard 
is  given  on  page  116,  Bulletin  349,  IT.  S.  Geological  Sur- 
vey. The  analysis  was  made  by  C.  H.  Stone  at  the 
structural  materials  testing  laboratory,  U.  S.  Geological 
Survey,  St.  Louis,  Missouri. 

Silica  60.54 

Alumina 2589 

Ferric  oxide  1.75 

Manganese   oxide    26 

Lime  53 

Magnesia  12 

Potash    1.85 

Soda  65 

Water  2.05 

Loss  on  ignition  7.43 

Sulphuric   anhydride    12 

101.19 
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HiTCHiNS. — The  Olive  Hill  Fire  Brick  Company  is 
now  constructing  at  Hitchins  what  is  said  to  be  the  larg- 
est fire  brick  plant  in  the  world.  The  plant  is  located  at 
the  junction  of  the  Cheaspeake  &  Ohio  and  the  Eastern 
Kentucky  Railroads.  No  amount  of  money  has  appar- 
ently been  spared  in  making  it  one  of  the  most  ui)-to-date 
plants  of  its  kind. 

The  floor  space  of  the  main  dry  room  is  156  by  192 
feet.  In  addition  to  this  there  is  a  large  power  house, 
which  contains  a  350-horse  power  engine  and  400-horse 
power  boiler ;  a  pan  room,  and  an  apparatus  house.  The 
pan  room  contains  two  large  dry  pans,  two  pug  mills  and 
two  large  brick  machines.  Most  of  the  bricks  vnll  be 
machine-made.  The  apparatus  house  contains  one  14- 
foot  steel  induction  fan,  and  an  exhaust  fan  12  feet  in 
diameter.  These  will  used  to  control  the  waste  heat  from 
the  kilns  in  drying  the  bricks. 

The  entire  structure  is  made  of  steel  and  concrete 
frame,  with  walls  of  cement  plastering  on  steel  Hy-rib, 
and  covered  with  asbestos-protected  metal  roofing. 

Each  piece  of  machinery  will  be  run  by  a  separate 
dynamo. 

The  company  now  has  ten  30-foot  round,  down-draft 
kilns  of  80,000  bricks  each  capacity,  and  it  is  the  intention 
to  erect  in  the  near  future  ten  more  of  the  same  size. 
The  kilns  are  built  twin-fashion  and  the  waste  heat,  after 
a  kiln  of  brick  is  burned,  will  be  conducted  through  a 
main  cement-lined  tunnel  to  the  dry  shed,  where  it  will 
be  used  to  dry  the  green  bricks.  The  w^aste  heat  from 
any  kiln  can  also  be  conducted  to  any  other  kiln  and 
there  used  for  drying  the  green  bricks.  Each  kiln  is 
made  separate  or  thrown  into  the  main  hot  air  current  by 
means  of  a  steel  damper. 

The  purpose  of  the  induction  fan  is  to  draw  the  waste 
heat  from  the  kilns  and  force  it  to  the  dry  room.  A  part 
of  this  heat  will  be  conducted  through  flues  leading  off 
from  the  main  tunnel  beneath  a  stone  floor  which  is  con- 
structed of  Rowan  county  sawed  stone.  The  green  bricks 
will  be  laid  on  this  smooth  floor  to  dry.  Opposite  the  dry 
floor  are  twelve  small  tunnels  constructed  at  a  right  angle 
to  and  connected  with  the  main  tunnel.  These  tunnels 
are  100  feet  in  length  and  are  built  air  tight.    They  are 
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constructed  with  tracks  of  one  per  cent  grade  so  that 
small  cars  of  green  bricks  can  be  pushed  in  and  dried  on 
the  cars.  The  cars  will  be  pushed  in  the  tunnels  from 
the  end  next  to  the  pan  room  where  the  bricks  are  to  be 
made.  Wlien  dry  enough  to  set  in  the  kilns  they  will  be 
forced  on  through  the  tunnels  to  the  kilns  and  the  tunnels 
refilled  as  before. 

The  heat  from  the  main  tunnel  can  be  directed  to  the 
dry  floor  or  to  any  set  of  tunnels  by  means  of  deflector 
dampers. 

The  12-foot  exhaust  fan  will  draw  the  heat  from  the 
dry  floor  and  the  small  tunnels  through  a  return  tunnel 
and  force  it  out  through  a  large  stack  built  at  the  appa- 
ratus house  for  that  purpose. 

In  case  there  should  not  be  sufficient  waste  heat  from 
the  kilns  to  dry  the  bricks,  it  is  arranged  to  dry  a  part 
of  them  bv  means  of  exhaust  steam. 

The  dailv  capacity  of  the  plant  when  completed  will 
be  100,000  bricks. 

The  plant  was  designed  l)y  the  L.  E.  Rodgers  En- 
gineering Company,  of  Chicago,  and  constructed  under 
the  supervision  of  Clayton  S.  Hitchins,  of  Olive  Hill. 

The  company  owns  about  450  acres  of  land  lying  to 
the  east  of  the  plant.  The  clay  to  be  used  at  the  plant 
is  expected  to  be  derived  from  the  bed  associated  with 
the  Ferriferous  limestone.  At  Willard,  at  Denton,  four 
miles  east  of  Hitchins,  at  Ashland,  and  at  Music,  the  fire 
clay  of  the  Ferriferous  limestone  horizon  is  near  the 
base  of  the  hills  and  is  found  in  continuous  beds  of  good 
quality.  Hitchins  is  located  at  the  western  border  of  the 
area  underlain  by  the  limestone  and  associated  clay.  The 
first  hills  to  the  east  of  the  plant  are  not  high  enough  to 
catch  the  limestone  and  the  clav.  About  one  mile  east 
of  the  plant  the  highest  crest  rises  300  feet  above  the 
plant.  Seventy  feet  below  the  crest  the  fire  clay  has  been 
uncovered  at  about  the  horizon  of  the  Ferriferous  lime- 
stone. The  place  is  marked  by  the  presence  of  old  iron 
ore  diggings.  The  clay  occurring  as  it  does  within  70 
feet  of  the  crest  of  the  highest  ridges,  there  is  a  very 
small  proportion  of  the  land  owned  by  the  company  un- 
derlain by  the  clay.     The  main  body  of  the  clay  lies  to 
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the  east  where  the  eastward  dip  carries  it  down  near  the 
base  of  the  hills  and  gives  a  larger  workable  area. 

It  will  require  a  large  area  of  w^orkable  clay  to  sup- 
ply the  demand  of  a  plant  that  is  to  produce  50,000  to 
100,000  bricks  a  day  for  an  indefinite  length  of  time. 
There  are  throe  possible  sources  where  clay  may  be  ob- 
tained. The  plastic  variety  may  be  obtained  in  the  hills 
farther  east  in  the  vicinity  of  Denton  and  Music,  and 
on  the  head  waters  of  Robin  Run  and  Upper  Stinson 
creeks ;  or  it  could  be  obtained  to  the  south  in  the  vicinity 
of  Willard.  If  flint  clay  is  to  be  used  the  nearest  deposits 
would  be  in  the  Big  Sinking  creek  territory  or  in  the 
hills  south  of  the  Chesapeake  &  Ohio  Railroad  between 

Corv  and  Grahn.    The  hills  between  Drv  Fork  and  Grassv 

^^     •  •  . 

Fork  of  Gorman  Fork  may  be  worthy  of  further  investi- 
gation. 

There  is  also  a  possibility  of  getting  the  Olive  Hill 
flint  clav  below  the  surface  at  Ilitehins.  It  was  found 
to  be  ten  feet  thick  in  one  of  the  oil  wells  at  Denton.  It 
occurred  just  above  the  Mississippinn  limestone  with 
fifteen  feet  of  blue  shale  above  the  clay  and  between  it 
and  the  Conglomerate  sandstone.  The  fire  clay  was 
struck  at  a  depth  of  625  feet  below  the  surface.  The  rise 
of  the  strata  to  the  west  would  bring  the  Olive  Hill  flint 
clav  horizon  to  within  about  350  feet  of  the  surface  at 
Hitchins.  Could  it  be  found  of  good  quality  and  seven 
to  ten  feet  in  thickness,  it  would  be  more  economical  to 
mine  it  even  at  that  depth  than  it  would  be  to  haul  it 
from  the  Olive  Hill  district.  Its  presence  or  absence 
could  be  determined  by  means  of  a  core  drill. 

Considerable  excavation  has  been  done  in  the  hills 
east  of  the  plant  in  an  effort  to  locate  the  fire  clay  depos- 
its. The  following  is  a  section  of  the  hill  from  near  the 
**Blue  Jay"  coal  mine  to  the  clay  opening  at  the  head  of 
the  branch.  The  entire  thickness  of  the  section  is  about 
300  feet. 

Feet    Inches. 
28     Crest  of  high  hill. 
27     Covered.    Ferriferous  limestone  comes  near 

base   70 

26     Plastic     clay     containing     thin     irregular 

pockets  of    flint  clay  25 
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Feet    Inches 

25    Gray   laminated   shale   which   weathers   to 

a  bluish  clay  2 

24    Gray  plastic  clay  with  two  inches  of  dark 

clay  in  the   center   1 

23     Black  shale  21 

22     Coal  13 

21    Irregular  bodies  of  stratified  clay 4 

20    Pale  drab  stratified  fire  clay  20 

19    Dove  colored  fire  clay  with  streaks  of  iron 

oxide  12 

18    Dove  colored  fire  clay,  uniform  in  color 18 

17    Gray  micaceous  sandstone  about  15 

16    Covered  

15    Sandstone    

14     Shale   3-4 

13     Coal   1 

12     Draw  slate  1 

11     Coal   21 

10    Bone    3 

9     Coal   14 

8     Fire    clay    

7     Shale   25 

6     Sandstone     changing     to     shale     at     same 

horizon  50 

5    Gray    shale    25 

4     Coal   3 

3     Sandstone,  hard  on  bottom  and  shaley  on 

top    ^ 6 

2     Black  shale 20 

1     Sandstone. 

The  fire  clay  occurring  from  18  to  21  inclusive  is  the 
most  promising  horizon  of  the  section.  At  horizon  26 
is  a  deposit  of  laminated,  micaceous  shale  which  contains 
irregular  blocks  of  flint  clay.  In  places  it  occurs  in  kid- 
ney-shaped forms.  The  color  is  not  uniform,  but  shows 
finely  stratified  lines  of  wliite,  light  gray  to  dark  gray 
sand  in  the  clay. 

The  quality  of  the  clays  from  the  Hitchins  property 
is  shown  in  the  following  analyses  and  tests  made  by  J. 
M.  Knote,  of  the  Pittsburg  Testing  Laboratory.  The  fol- 
lowing results  and  remarks  of  J.  M.  Knote  were  kindly 
furnislied  the  writer  by  Mr.  Hitchins,  General  Manager 
of  the  Olive  Hill  Fire  Brick  Company,  Olive  Hill : 
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(1)  '*  Flint  day  from  bottom  seam.  Slirank  from 
12  to  11 1-10  inches  on  burning.  No  shrinkage  after  cone 
9.  An  excellent  clay  and  while  a  little  higher  in  silica 
than  those  at  Olive  llill,  it  should  make  very  good  brick. 
It  is  as  good  as  the  best  Missouri,  Pennsylvania  and 
Marvland  flint  clavs. 

(2)  *^ Plastic  clay.  Shrank  from  12  to  11  inches  on 
drying  and  to  lOVli  inches  on  burning.  A  very  plastic 
and  strong  bond  clay.  It  dries  with  a  normal  shrinkage 
and  burns  to  a  dense  strong  body  at  cone  3  and  remains 
thus  without  change  to  cone  11.  It  would  doubtless  show 
little  change  up  to  cone  22-25.  Its  burning  shrinkage  is 
normal.  The  clay  is  as  plastic  and  strong  as  any  but  the 
exceptional  fire  clays.  It  vitrifies  three  or  four  cones 
lower  than  the  Maryland  clays,  but  about  the  same  as 
most  Pennsylvania  clays.  The  Missouri  clays  are  much 
more  porous  at  cone  11.  In  refractoriness  it  is  just  about 
the  same  as  the  best  Savage  Mountain  clay  or  Pennsyl- 
vania clays.    I  consider  it  a  very  good  bond  clav. 

(3)  '^* Plastic  clay.  Shrank  from  12  to  11  2-8  inches 
on  drying  and  to  ]0i/>  inches  on  burning.  Nearly  out 
at  cone  3 ;  all  out  at  cone  7-9.  Similar  to  No.  2  in  every 
wav. 

^  (4)  ^^ Flint  clay.  Shrank  from  12  to  11  2-10  inches. 
All  out  at  cone  9.  This  clay  is  a  second  grade  flint  clay 
and  while  of  probable  value  for  second  grade  brick,  it 
is  not  as  valuable  as  clay  No.  1." 

Denton. — In  1908  the  Denton  Plastic  Clay  Company, 
of  Denton,  opened  a  clay  mine  about  200  yards  east  of 
Denton,  on  the  main  line  of  the  Chesapeake  &  Ohio  Rail- 
road. The  mine  is  located  about  200  feet  above  the  rail- 
road track.    It  is  worked  by  horizontal  drift  and  the  clay 
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loaded  into  clay  cars,  which  are  pushed  by  hand  to  a 
tipple  built  on  a  side  track  of  the  railroad,  and  dumped 
directly  into  open  freight  cars. 

The  raw  clay  from  the  Denton  mine  is  shipped  to 
Charles  Taylor's  Sons,  Cincinnati;  to  the  Louisville  Pot- 
tery Company, Louisville;  to  tlie  Eookwood  Pottery  Com- 
pany, Cincinnati;  and  to  the  Harbison- Walker  Eefracto- 
ries  Company,  (^live  Hill.  The  monthly  shipments  aver- 
age nine  ears  of  45  tons  to  the  car. 

The  clav  occurs  at  the  horizon  of  the  Ferriferous 
limestone  although  no  limestone  is  present  here.  It  is 
the  same  clay  that  occurs  70  feet  below  the  top  of  the 
highest  hills  one  mile  east  of  Hitchins.  The  following  is 
a  section  of  the  mine. 

Elevation  of  mouth  of  mine  680  feet  above  sea  level. 

Feet    Inches- 
Light  gray  shale. 

Laminated   micaceous   sandstone  6 

Dark    clay    4 

Coal   10 

Black  plastic  clay — not  worked  5 

Dark,  hard,  siliceous  clay — not  used  4 

Plastic  clay  containing  boulders  of  silica  8 

Gannister   4 

BuRDETTE  Clay  Mine. — Mr.  J.  H.  Burdett,  of  Ash- 
land, in  1907  opened  a  clay  mine  one  mile  east  of  Den- 
ton. The  mine  is  located  on  the  north  side  of  the  Chesa- 
peake &  Ohio  Kailroad.  It  is  operated  and  the  clay  is 
loaded  into  the  cars  as  it  is  done  at  the  Denton  mine.  The 
principal  part  of  the  clay  is  shipped  to  the  National  Fire 
Brick  Company,  of  Strasburg,  Ohio. 

The  geologic  horizon  of  the  Burdette  mine  is  the 
same  as  the  Denton  mine,  although  it  is  about  70  feet 
higher  elevation.  There  is  a  strong  westward  dip  of 
the  strata  between  the  Burdette  mine  and  Denton,  as 
shown  by  coal  number  4  which  outcrops  at  the  level  of 
the  railroad  track  at  the  Burdette  switch.  For  a  distance 
of  one-fourth  of  a  mile  w^est  of  the  switch  the  coal  is 
practically  horizontal.  Farther  west  the  coal  dips  rap- 
idly to  the  west  and  disappears  beneath  the  level  of  the 
railroad  track  a  short  distance  east  of  Denton,  notwith- 
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standing  a  grade  to  the  west  in  the  railroad  between  the 
two  points  of  65  feet  to  the  mile. 

The  opening  of  the  clay  mine  is  just  above  a  massive, 
coarse-grained  sandstone  which  is  about  55  feet  thick  at 
this  place.  The  Ferriferous  limestone  which  comes  at 
about  the  horizon  of  the  fire  clay  deposit  is  absent  in  this 
locality.     The  following  is  a  section  at  the  mine: 

Feet      Inches 

Coal  of  good  quality  14 

Black   plastic    clay   4-6 

Dark,  hard  siliceous  clay  which  breaks  up  into 
cubical    blocks   when    exposed     to     the 
weathering   agents   and   locally   known   as 

"Nigger    heads"    2-4 

Good  No.  2  plastic  clay  6 

Gannister   4 

Hard  siliceous  gannister  boulders  are  frequently 
found  in  the  No.  2  plastic  clay.  In  places  these  boulders 
cut  out  part  of  the  clay. 

The  elevation  of  the  clay  mine  is  about  755  feet 
above  sea  level. 

About  55  feet  above  the  clay  mine  is  a  bed  of  flint 
clay.  It  is  marked  on  the  hill  side  bv  a  distinct  bench. 
Fragments  of  the  flint  clay  were  found  at  this  horizon  but 
the  thickness  of  the  deposit  was  not  determined. 

Music. — Music  is  located  on  the  east  side  of  Means 
Tunnel,  two  miles  east  of  the  Burdette  mine.  The  strata 
from  the  Burdett  mine  to  Denton  have  a  strong  westward 
dip,  whereas  those  east  of  Means  Tunnel  dip  to  the  east. 
There  is,  therefore,  a  well-defined  anticline  the  crest  of 
which  is  located  near  the  tunnel. 

A  deposit  of  Xo.  2  i)lastic  fire  clay  was  opened  at 
Music  in  1911  on  the  Lexington  and  Carter  County  Alin- 
ing Company's  land  in  the  hill  just  north  of  the  Chesa- 
peake &  Ohio  Railroad.  Mr.  T.  M.  McGlohon,  manager  of 
the  property,  sent  a  sample  of  the  clay  to  the  Eookwood 
Pottery  Company,  of  Cincinnati,  and  had  it  tested  for 
making  pottery.  They  pronounced  it  a  very  satisfactory 
clay  for  that  purpose. 

The  opening  from  which  the  clay  was  obtained  was 
driven  25  feet  into  the  hill.  The  No.  2  plastic  clay  is  nine 
feet  thick.     Weathered  streaks    of    iron    oxide    extend 
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through  the  clay,  but  do  not  affect  its  quality.  The  clay 
rests  on  a  siliceous  gannister  rock  similar  to  that  at  the 
Denton  and  the  Burdette  mines.  A  thin  coal  occurs  near 
the  top  of  the  clay. 

The  elevation  of  the  mine  is  about  720  feet  above 
sea  level. 

Two  miles  east  of  north  of  Music  a  deposit  of  No.  1 
flint  clay  is  reported  to  have  been  opened.  The  deposit 
is  said  to  be  three  and  a  half  feet  thick. 

Tlie  clay  which  occurs  at  Denton,  Burdette  mine, 
and  Music  is  a  very  persistent  formation  and  may  be 
found  underlying  a  large  territory  in  the  hills  adjacent 
to  the  Chesapeake  and  Ohio  Railroad  from  Denton  to 
Ashland. 

AsuLAN'D. — The  Ashland  Fire  Brick  Company  oper- 
ates two  fire  brick  plants  in  west  Ashland.  The  larger  is 
known  as  the  Ashland  Fire  Brick  plant  and  the  smaller 
as  the  Clinton  Fire  Brick  plant.  While  they  are  owned 
by  the  same  company  they  are  operated  as  separate 
plants. 

The  Ashland  Fire  Brick  Company  is  located  on  a 
spur  of  the  Ashland  Coal  and  Iron  Railroad.  The  clay 
is  dumped  from  the  car  as  it  comes  from  the  mine  into 
a  large  hopper  Avhich  contains  a  grinder,  where  it  is 
crushed  and  then  conveved  bv  an  overhead  electric  car 
to  the  open  yard.  Each  grade  of  clay  is  kept  separate. 
The  clay  is  allowed  to  remain  on  the  yard  exposed  to  the 
weathering  agents  for  several  months.  The  weathering 
mellows  the  clay,  leaches  out  some  of  the  impurities,  and 
improves  its  general  working  ciualities. 

After  the  clay  is  thoroughly  mellowed,  it  is  reground 
in  a  Clearfield  dry  pan.  The  desired  mixture  of  flint  clay, 
calcine  and  plastic  clay  are  then  made  and  the  contents 
mixed  with  water  and  thoroughly  kneaded  into  a  stiff  mud 
ready  for  the  molders.  The  kneading  is  done  in  two 
Clearfield  wet  pans. 

All  the  bricks  made  at  this  plant  are  hand-molded 
The  plain  bricks  are  molded  and  allowed  to  dry  for  a 
certain  length  of  time  when  they  are  repressed  in  hand- 
power  represses.  ]\rore  care  is  used  in  molding  the 
shaped  bricks  and  large  blocks  as  they  are  not  repressed. 
When  nearly  dry  the  faces  and  serrated  edges  are  wet 
with  water  and  smoothed  with  a  small  trowel. 
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The  bricks  are  dried  on  a  cement'  floor  heated  from 
beneath  by  exhaust  steam  from  the  boiler.  No  waste  heat 
from  the  kilns  is  used  in  drying  the  bricks. 

The  plant  is  supplied  with  a  225  horse-power  boiler 
and  an  eniifine  of  the  same  size.  All  of  the  machini^ry  of 
the  plant  is  run  by  electricity  with  a  dynamo  for  each 
machine. 

The  output  of  the  plant  ranges  from  19,000  to  20,000 
bricks  a  day.  Four  thousand  one  hundred  bricks  to  the 
man  are  considered  a  day's  task,  which  is  accomplished 
in  five  to  six  hours. 

The  bricks  are  burned  in  round,  down-draft  kilns. 
There  are  six  kilns  with  a  capacity  of  80,000  bricks  each. 
Natural  gas  is  used  in  burning  the  bricks.  It  takes  about 
four  davs  to  drive  off  all  of  the  water  and  to  G:et  the  kiln 
to  a  good  red  heat.  About  two  and  a  half  davs  more  are 
required  to  bring  the  kiln  to  a  bright  white  heat,  where 
it  is  held  for  a  day  and  a  half.  It  requires  about  one  <^ay 
longer  to  l)urn  the  bricks  with  gas  than  it  does  witli  coal, 
but  the  gas  gives  a  more  uniform  li(»at  throughout  the 
kiln  as  there  is  no  choking  of  the  draft.  On  the  whole  the 
gas  is  more  economical  than  coal,  in  the  first  cost  of  the 
fuel,  requires  less  labor  to  operate  it,  is  cleaner,  and  gives 
a  more  uniform  burn. 

The  finished  product  of  this  plant  goes  to  all  parts  of 
the  United  States,  to  Canada,  Cuba,  Old  Mexico  and 
Japan. 

The  dav  used  at  the  Ashland  Fire  Brick  volant  is 
derived  from  two  sources.  The  calcine  and  the  flint  clay 
come  from  th(-  company's  mine  at  Ilayward,  in  tlie  Olive 
Hill  district.  The  No.  2  plastic  clay  comes  from  the  Ash- 
land district.  The  mine  is  located  in  the  high  bluff  facing 
the  Ohio  river  one  mile  west  of  Ashland.  The  mouth  of 
the  mine  is  about  25  feet  above  the  track  of  the  Chesa- 
peake and  Ohio  Railroad.  The  clay  is  dumped  fi'om  the 
mine  cars  into  the  railroad  cars  over  a  tipple.  The  clay 
comes  from  the  same  geological  horizon  as  the  clay  from 
the  Willard  and  the  Denton  clay  mines.  The  following 
is  a  section  of  the  Ashland  mine : 
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Feet. 

sandstone  12 

Coal  3 

Plastic  fire  cl^y— not  used 2-3 

Sandstone       10-12 

White  to  drab  pott6r*S  day- 5 

Shale"  containing  (iron  ore  4 

No.  2  plaistie  ftre- clay  of  a- dark  coiof. 3^-4 

Ferriferous  limestone  in  plaeed  partly  replaced  by  car- 
bonate of  iron 1-7 

No.  2  White,  plastic  fire  clay 3-8 

Gannister. 

The  following  analvses  of  the  clays  from  this  place 

were  made  bv  Robert  I^tt^r  and' furnished  W.  C.  Phalen 

in  Bulletin  340,  U.  S:  Cfeological  Survey,  page  11 G,  by  the 

Ai5hland  Fire  Brick  Company: 

(1)         (2) 

Silica^  40.14  5640 

Alumina    48.72  ) 

Ferric  oxide' 1.98  (    28.00 

Lime ) 

Magnf^Maj  ^'^^  ^'^^ 

Water 12.56  14.30 

No.  1  is  from  the  upper  stratum  and  No.  2  from  the 
lower  stratum  given  in  the  above  section. 

About  40  feet  above  the  top  of  the  above  noted  sec- 
tion is^  a  thin  coal  which  has  been  worked  for  local  use. 
One  hundred,  feet  above  the  Ferriferous  limestone  in  the 
same  hill  is  a  deposit  of  flint  clay  which  was  worked  years 
ago  but  was  abandoned  on  account  of  the  large  percent- 
age of  iron  it  contained- 

The  Clinton  Fire  Brick  plant  is  owned  and  operated 
by  the  Ashli^Tid  Fire  Brick  Company.  It  is  located  a  short 
distance  west  of  the  Ashland  Coal  and  Iron  Company's 
Blast  Furnace.  The  clay  used  at  this  plant  comes  from 
the  same  sources  as  that  used  at  the  main  plant. 

The  plant  uses  about  twentV-eight  tons  of  flint  clay 
and  four  tons  of  calcine  a  day  from  the  Havward  mine. 
This  is  mixed  with  the  No.  2  plastic  clay  front  the  Ash- 
land mine  as  a-  bond:  The  outpirt  of  the  plant  is  8,000 
bricks  a  day.  Only  high  grade,  handraolded  bricks  are 
mad^.  They  aredtiedon  a  hot  floor  heated 'ft'om  beneath 
by  dry  heat  generated  by  the  combustion  of  coal. 

geo.  22. 
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The  green  bricks  are  laid  on  the  hot  floor  and  dried 
for  about  two  and  a  half  hours  and  are  then  repressed. 
After  repressing  they  are  placed  on  the  floor  at  the  end 
farthest  removed  from  where  the  hot  air  enters  the  dryer 
and  dried  for  about  three  days  longer. 

The  plant  is  equipped  with  five  round,  down-draft 
kilns  with  only  one  stack  to  the  kiln.  Three  of  the  kilns 
have  a  capacity  of  50,000  bricks  each ;  one  has  a  capacity 
of  60,000  and  one  of  80,000.  Gas  is  used  as  fuel  for  burn- 
ing the  bricks.  Eight  to  nine  days  are  required  to  burn 
a  kiln  of  bricks. 

The  Ferriferous  limestone  and  the  accompanying 
deposit  of  fire  clay  continues  down  the  Ohio  Eiver  from 
Ashland  to  near  the  mouth  of  Yewlands  creek,  four  miles 
above  Greenup.  At  the  site  of  the  old  Amanda  Furnace 
two  miles  below  Ashland,  the  fire  clay  has  been  worked 
and  shipped  to  Cincinnati  and  to  the  Taylor  fire  brick 
plant  at  McCall.  The  following  section  of  the  mine  was 
given  by  one  of  the  men  who  worked  in  the  mine : 

Feet    Inches. 
Shale  to  top  of  the  hiU. 

Sandstone  ~  4 

Good  coal  15-16 

Parting  1 

Coal 15 

Shale  parting 4 

Coal— good   quality   8-14 

Sandstone   20 

Potters  clay  4-9 

Green    shale    2  6 

Red   limestone   ore  %-l 

Ferriferous  limestone  6-9 

No.  2  plastic  fire  clay 5-7 

Gannister  used  at  steel  plant  for  lining  cupelos    ....  18-20 

Heavy-bedded  sandstone 25-40 

The  fire  clay  associated  with  the  Ferriferous  lime- 
stone has  been  opened  on  the  0 'Kelly  Brick  Company's 
property  in  east  Ashland.  The  fire  clay  here  is  seven 
feet  thick  with  a  thin  parting  of  black  bony  slate  near  the 
center.  Mr.  0 'Kelly  expects  to  use  this  clay  in  connec- 
tion with  a  fire  clay  that  occurs  fifty  feet  lower  just  be- 
neath coal  number  four,  which  outcrops  in  the  same  hill, 
in  the  manufacture  of  fire  brick. 
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Weaver  Pottery  Company. — ^At  the  Weaver  Pottery- 
Company 's  plant  near  CliiTside  Park,  between  Ashland 
and  Catlettsbnrg,  the  fire  clay  at  the  Ferriferous  lime- 
stone horizon  is  being  used  in  the  manufacture  of  jugs, 
churns  and  similar  wares. 

The  clay  used  at  this  plant  rests  directly  on  the  Fer- 
riferous limestone.  There  is  an  interval  of  eight  feet  be- 
tween the  lowest  bed  of  clay  that  is  now  being  worked  to 
the  top  of  the  heavy-bedded  sandstone  which  forms  the 
cliff  between  Ashland  and  Catlettsburg.  The  thickness 
of  the  clay  varies  from  four  to  five  feet.  The  color  of 
the  clay  varies  from  dark  near  the  top  to  a  light  drab 
below.  A  band  of  bony  slate  one  to  two  inches  in  thick- 
ness with  a  thin  coal  occurs  near  the  top  of  the  clay. 
Above  this  is  a  dark  plastic  clay  the  thickness  of  which 
was  not  determined. 

Forty  feet  below  the  clay  opening,  at  the  base  of  the 
cliff-forming  sandstone,  coal  number  four  is  now  being 
mined  and  used  at  the  potteiy  plant.  The  coal  is  three 
feet  thick  at  this  place.  Underneath  the  coal  is  a  de-' 
posit  of  fire  clay  three  feet  in  thickness.  This  is  the 
same  coal  that  has  been  opened  on  the  0  'Kelly  property 
in  east  Ashland. 

The  plant  has  one  round,  down-draft  kiln  of  4,500 
gallons  capacity.  It  requires  sixty  hours  to  burn  the 
ware.    Coal  is  used  as  the  fuel. 

Economic  Products  Other  Than  Fire  Clays  Included 

IN  THE  Area  of  This  Keport. 

A  number  of  industries  utilizing  raw  materials  found 
in  the  area  included  in  this  report  deserve  mention  here. 
In  a  few  instances  the  raw  materials  are  shipped  outside 
of  the  district  where  they  are  converted  into  finished 
products.  The  economic  commodities  consist  of  coals, 
limestones,  shales,  asphalt,  iron  ores,  glass  sand,  sand- 
stone, oil  and  gas. 

Coal. — Workable  beds  of  coal  are  found  in  the  area 
east  of  Little  Sandy  Kiver,  and,  to  a  slight  extent  west 
of  it.  The  coals  include  those  from  the  base  of  the  Coal 
Measures  up  to  and  including  coal  No.  7.  The  greater 
amount  of  the  coals  belongs  to  the  bituminous  variety. 
The  most  promising  beds  are   those   found   along   the 
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Chesapeake  and  Ohio  Eailroad  from  Denton  to  Ashland. 
An  excellent  variety  of  cannel  coal  is  mined  near  Hunne- 
well,  Boghead  and  Willard. 

Limestones. — Brief  descriptions  have  been  given  of 
the  Mississippian  limestone,  which  is  found  associated 
\vith  the  fire  clays  of  the  Olive  Hill  district,  and  the  Fer- 
riferous limestone  which  is  found  in  the  Ashland  district. 

The  Ferriferous  limestone  is  mined  in  the  vicinity 
of  Ashland  and  used  as  a  flux  in  the  blast  furnaces  at  that 
place.  At  Ironton,  Ohio,  it  is  used  with  the  accompany- 
ing fire  clay  in  the  manufacture  of  Portland  cement.  It 
is  a  fairly  pure  limestone,  but  at  no  place  in  the  area  is 
it  of  sufficient  thickness  to  be  profitably  mined  except  as 
a  byproduct  of  the  accompanying  fire  clay  deposit. 

A  discussion  of  the  area,  thickness  and  extent  of  the 
Mississippian  limestone  has  been  given  under  the  discus- 
sion of  the  geology  of  the  region. 

Quite  an  industry  has  developed  along  the  three  di- 
visions of  the  Chesapeake  and  Ohio  Eailway  of  this  area 
in  crushing  the  Mississippian  limestone  for  railroad  bal- 
last. The  crushed  stone  is  sold  f .  o.  b.  cars  at  the  crushers 
at  fifty-five  cents  a  cubic  yard.  The  stone  is  crushed  to 
pass  through  a  2%  inch  ring.  There  are  two  crushers  at 
Olive  Hill,  one  at  Enterprise,  one  at  Lawton,  two  at  Car- 
ter and  one  at  Tongs,  P.  0.  A  brief  description  of  these 
plants  follows: 

Chesapeake  Stone  Company. — This  plant  is  located 
at  Highland  at  the  mouth  of  Cory  creek,  one  and  one-half 
miles  east  of  Olive  Hill.  The  crusher  is  built  within  a 
few  feet  of  the  Chesapeake  and  Ohio  Eailroad.  The  stone 
is  obtained  from  the  quarry  which  is  located  on  either 
side  of  the  railroad.  That  on  the  north  side  is  quarried 
and  conveyed  to  the  crusher  on  the  south  side  through  a 
tunnel  under  the  railroad  track.  The  quarry  is  equipped 
with  five  large  and  five  small  IngersoU  Rand  steam  drills. 
The  rock  is  blasted  out  of  the  quarry  by  dynamite  and 
conveyed  over  a  narrow  gauge  railroad  to  the  crusher  by 
means  of  a  small  steam  engine.  The  stone  is  crushed  by 
two  Gates'  mills,  a  7-B  and  4-K,  which  have  a  combined 
capacity  of  600  cubic  yards  a  day  exclusive  of  the  dust. 

The  vertical  face  of  the  quarry  measures  seventy-two 
feet.  The  upper  bench,  which  is  eight  feet  thick,  is  sepa- 
rated from  the  main  ledge  by  five  feet  of  green    shale 
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which  contains  a  thin  band  of  limestone  three  inches  thick. 
The  limestone  above  the  bed  of  green  shale  is  a  compara- 
tively pure  white -limestone  which  weathers  into  a  very- 
irregular  surface.  It  has  the  general  appearance  of  the 
St.  Genevieve  limestone  of  Western  Kentucky.  The  upper 
part  of  the  main  ledge  is  of  a  bluish  color,  very  hard,  and 
contains  numerous  round  and  oblong  flint  nodules  similar 
to  the  St.  Louis. 

The  following  is  an  analysis  of  a  sample  of  the  gray- 
ish white  stone  from  this  quarry  made  by  J.  S.  McHar- 
gue.    Sample  collected  by  J.  P.  Nelson. 

Analysis  of  Air  Dried  6ample. 

Per  cent. 

Moisture 04 

Ignition   (carbon  dioxide,  organic  matter,  etc.) 34.30 

Silica 20.06 

Alumina  and  trace  of  phosphorous  pentoxide 4.48 

Ferric  oxide  (equivalent  to  41 8%  ferrous  carbonate) 2.88 

Lime  (equivalent  to  50.00%  calcium  carbonate) 28i00 

Magnesia  (equivalent  to  21.36%  magnesia  carbonate)...    10.17 

Total  99.93 

Atlas  Stone  Company.  This  plant  is  located  on  the 
north  side  of  the  Chesapeake  and  Ohio  Kailroad  bridge 
across  Tygart  creek  one  mile  east  of  Olive  Hill.  The  stone 
is  the  same  as  that  used  at  the  Chesapeake  Stone  Com- 
pany's plant.  The  thickness  of  the  bed  now  being  worked 
is  about  eighty  feet.  The  hill  above  the  quarry  has  a  steep 
slope  and  contains  only  two  to  four  feet  of  overburden. 

The  quarry  is  equipped  with  three  large  Ingersoll 
Sargent  and  two  small,  hammer,  steam  drills.  In  addi- 
tion  to  these  thev  have  a  six-inch  Cvclone  steam  churn 
drill,  the  kind  ordinarily  used  in  well-drilling. 

The  stone  is  conveved  to  the  crusher  in  small  cars 
drawn  by  mules.  The  plant  is  equipjjed  with  one  No.  8 
and  two  No.  5  Gates'  rock  crushers.  Seven  to  ten  car 
loads  of  stone  are  crushed  dailv.  The  crushed  stone  is 
sold  to  the  Chesapeake  and  Ohio  Railroad  Company  for 
railroad  ballast.  The  following  analysis  of  a  sample  of 
stone  from  this  quarry  was  made  in  the  chemical  labora- 
tory of  the  Survey  by  J.  S.  McHargue,  Survey  Chemist. 
Sample  collected  by  J.  P.  Nelson. 
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Analysis  of  Air  Dried  Sample.  Per  cent 

Moisture  .05 

Ignition  (carbon  dioxide,  organic  matter,  etc.) 42.15 

Silica  ..  1.64 

Alumina  and  trace  of  phosphorous  pentoxide _       .38 

Ferric  oxide  48 

Lime  (equivalent  to  97.10%  calcium  carbonate) 54.88 

Magnesia  (equivalent  to  0.67%  magnesium  carbonate) 32 

Total  99.90 

Limestone  Mining  Company. — The  Limestone  Miiir 
ing  Company  established  a  stone  crusher  at  Limestone  in 
1904.  They  are  using  the  Mississippian  limestone  for 
railroad  ballast.  The  limestone  is  here  near  the  top  of 
the  hill.  It  is  broken  down  with  dvnamite  and  loaded  into 
small  cars  which  are  run  over  a  seventy-five  foot  embank- 
ment into  the  crusher. 

The  stone  is  crushed  in  a  No.  5  Austin  mill,  and  an 

Aurora  mill  No.  2.  The  daily  capacity  of  the  plant  is  300 

cubic  yards  of  crushed  stone. 

The  following  is  a  section  of  the  quarry : 

Feet. 

Overburden   10 

Hard  blue  limestone  13 

Pure  white,  oolitic  limestone  10 

Thin,  stratified  stone  containing  flint  nodules 13 

Purple,  stilf  clay 3 

White,  pure  limestone 6 

Hard  blue  ledge  with  small  oval  shaped  flint  nodules 27 

Base  of  Quarry. 

The  following  is  an  analysis  of  the  hard,  white  stone 
from  this  quarry.  The  sample  was  collected  by  J.  P.  Nel- 
son.   Analysis  made  by  J.  S.  McHargue. 

Analysis  of  Sample,  Dried  at  100°  C.  Per  cent. 

Moisture  05 

Ignition  (carbon  dioxide,  organic  matter,  etc.) 40.71 

Silica  -     4.94 

Alumina  and  trace  of  phosphorous  pentoxide 1.22 

Ferric  oxide 48 

Lime  (equivalent  to  92.50%  calcium  carbonate) 51.80 

Magnesia  (equivalent  to  1.60%  magnesium  carbonate) 76 

Total  99.96 
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Lawton  Limestone  Company. — The  Lawton  Lime- 
stone Company  of  La\\i;on  station,  which  is  located  on  the 
Chesapeake  and  Ohio  Eailroad  three  miles  west  of  Lime- 
stone, is  operating  a  stone  quarry  in  the  Mississippian 
limestone.  A  ledge  thirty  feet  in  thickness  is  quarried 
and  the  purest  part  is  shipped  to  the  Ashland  Iron  Works 
for  flux.  The  refuse  is  crushed  for  railroad  ballast.  The 
output  of  the  plant  is  300  tons  a  day. 

Carter  Crusher  Company. — About  1  mile  up  Smith 
creek  from  the  town  of  Carter  the  Carter  Crusher  Com- 
pany is  working  a  ninety-foot  ledge  of  Mississippian 
limestone.  The  stone  is  crushed  and  used  as  ballast  by 
the  Chesapeake  and  Ohio  Eailroad  Company.  The  com- 
pany operates  two  Gates'  crushers,  one  No.  7Y^  and  one 
No.  5. 

Popular  Ballast  Company.  Two  miles  above  Car- 
ter on  the  south  side  of  Smith  creek  the  Popular  Ballast 
Company  of  Carter  is  working  a  ninety  foot  ledge  of 
Mississippian  limestone.  The  stone  is  crushed  and  used 
exclusively  for  railroad  ballast.  The  full  thickness  of  the 
limestone  at  this  place  is  130  feet  but  the  upper  30  feet 
are  partly  hidden  and  perhaps  interbedded  with  shale. 

The  plant  has  a  capacity  of  twenty  cars  of  crushed 
stone  a  day.  The  largest  daily  output  has  been  seventeen 
cars,  with  a  daily  average  of  fifteen  cars. 

The  base  of  the  limestone  is  about  125  feet  above  the 
track  of  the  Chesapeake  and  Ohio  Eailroad.  A  large  No. 
714  Gates '  crusher  is  located  at  the  base  of  the  limestone 
outcrop.  The  broken  rock  from  the  quarry  is  conveyed  to 
the  crusher  in  side-swing  steel  dump  cars  drawn  by  a 
steam  engine  and  dumped  directly  into  the  crusher  which 
is  constructed  at  the  bottom  of  a  funnel-shaped  bin.  From 
the  large  crusher  the  broken  stone  passess  by  gravitation 
to  a  No.  5  rebraker  and  from  here  it  is  conveyed  over  an 
endless  belt,  twenty-four  inches  wide,  to  the  chute  and 
loaded  into  the  cars.  From  the  time  the  stone  is  dumped 
into  the  large  crusher  until  it  falls  into  the  cars  125  feet 
below  it  is  assisted  by  the  action  of  gravitation. 

The  quarry  is  equipped  with  three  IngersoU  Band 
air  compresser  drills.  It  is  the  intention  of  the  company 
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to  install  a  six-inoli  Cyclone  well  drill  whicli  will  be  used 
to  drill  a  line  of  holes  parallel  to  face  of  the  quarry. 

The  quarry  drills  are  operated  by  an  Ingei-soU  Rand 
Automatic  air  compressor, 

Wn^soN  Baltj^st  Company.  In  1910  the  AVilson  Bal- 
last Company  established  a  crusher  plant  at  Tongs,  P. 
0.,  eight  miles  north  of  Greenup.  A  section  of  the  quarry 
was  given  on  another  page  of  this  report.  The  plant  was 
shut  down  in  August,  1912.  The  limestone  that  was  used 
for  ballast  is  only  thirty  feet  in  thickness,  and  is  overlain 
by  sixty-five  feet  of  sandstone  and  shale  which  prevented 
the  limestone  being  worked  at  a  profit. 

The  following  analysis  of  a  sample  of  stone  from  this 
place  was  made  by  J.  S.  Mcllarguo,  the  Survey  Chemist 
Samjjle  collected  by  A.  F.  Foerste. 

Analysis  of  Sample,  Dried  at  100*"  C. 

Per  cent. 

Moisture 18 

Ignition  (carbon  dioxide,  organic  matter,  etc.) 41.30 

Silica 7.10 

Alumina. 1.60 

Ferric  oxide  2.40 

Lime  (equivalent  to  5642%  calcium  carbonate) 31.60 

Magnesia  (equivalent  to  32.52%  magnesium  carbonate)...    16.26 

Phosphorous   pentoxide   Tr. 

Sulphur Tr. 

Alkalies Tr. 

Total   100.44 

Shales. — Very  little  attention  has  been  paid  to  the 
valuable  shale  deposits  of  this  part  of  Kentucky.  Lo- 
cated as  they  are  in  a  region  of  abundant  cheap  fuel  and 
bordering  a  large  territory  to  the  west  where  it  is  im- 
possible to  obtain  raw  material  of  this  kind,  there  is  no 
reason  why  the  dei)osits  which  are  located  on  the  railroad 
lines  traversing:  this  region  should  not  be  utilized: 

The  Waverly  shales  which  outcrop  in  the  town  and 
for  a  distance  of  one  or  tw^o  miles  west  of  Morehead  could 
be  made  into  sewer  pipe,  paving  brick,  English  face  brick, 
and  perhaps  terra  cotta,  roofing,  coping,  etc.    This  same 
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bed  is  now  being  utilized  at  Indian  'Run  and  at  Ports- 
mouth, Ohio,  in  the  manufacture  of  paving  brick. 

Thick  deposits  of  Goal  Measure  shales  outcrop  on 
the  Chesapeake  and  Ohio  Railroad  two  miles  east  of  Olive 
Hill,  and  again  in  the  to^\^l  of  Hitchins. 

Paving  brick  shales  are  also  found  in  the  high  bluff 
lacing  the  Ohio  River  at  Greenup.  A  plant  could  be  lo- 
cated here  near  the  terminus  of  the  Eastern  Kentucky- 
Railroad  and  on  the  main  line  of  the  Chesapeake  &  Ohio 
Railroad.  Coal  Measure  shales  are  found  at  intervals 
between  Greenup  and  Ashland  on  the  Chesapeake  &  Ohio 
Railroad,  and  also  along  the  Eastern  Kentucky  Railroad 
from  Greenup  to  Willard. 

Portsmouth  Granite  Brick  Company. — Some  idea 
mav  be  obtained  as  to  the  value  of  the  shales  of  this  re- 
gion  by  a  glance  into  the  plant  of  the  Portsmouth  Granite 
Brick  Company,  located  two  miles  west  of  South  Ports- 
mouth, near  the  mouth  of  Indian  Run. 

The  plant  was  originally  equipped  as  a  fire  brick 
plant.  The  fire  clay  was  obtained  on  Dry  Fork  of  Schultz 
Creek,  seven  miles  to  the  southeast  in  Greenup  County. 
On  account  of  the  poor  quality  of  fire  clay  used  and  the 
ex])enso  of  getting  it  to  the  plant,  it  was  finally  sold  to  the 
present  company  and  converted  into  a  paving  brick  plant. 

The  shales  used  here  are  found  in  abundance  right 
at  the  plant.  They  occur  in  three  zones.  The  lowest  zone 
near  the  base  of  the  hill  is  a  dark  blue  unweathered  shale 
which  is  not  used  on  account  of  containing  too  much  iron 
and  alkalies. 

Above  the  dark  unweathered  shales  is  a  semi-weath- 
ered zone  where  much  of  the  impurities  have  been  re- 
moved by  the  leaching  action  of  carbonated  waters  in  the 
presence  of  air.  In  this  the  sulphide  of  iron  has  been 
converted  into  the  oxide  which  stains  the  shales  red  and 
brown. 

Above  this  is  a  zone  of  still  greater  weathering  where 
the  material  has  been  broken  up  into  a  soil.  A  mixture 
consisting  of  fifty-five  per  cent  from  the  upper  zone  and 
forty-five  per  cent  from  the  middle  zone  is  used  in  mak- 
ing the  pavers. 

The  plant  is  equipped  with  two  dry  pans  for  grind- 
mg  the  mixture  as  it  comes  from  the  bank.  It  is  then 
tempered  and  pugged  in  a  Fate,  stiff  mud,  side,  wire-cut 
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brick  machine.  The  bricks  are  repressed  in  a  power  press 
and  the  name  ** Granite  Block"  imprinted  on  each  brick. 

The  bricks  are  dried  in  drying  tunnels  which  are 
equipped  with  two  large  fans.  One  fan  draws  the  waste 
heat  from  the  kilns  into  the  dryer  and  another  is  used  to 
draw  off  the  moisture  from  the  drying  bricks.  The  bricks 
remain  in  the  dryer  thirty-six  hours.  The  dryer  has  a 
capacity  of  44,000  bricks.  The  dry  floor  originally  used 
for  drying  fire  brick  is  used  as  an  accessory  dryer  for 
the  pavers. 

There  are  six  round,  dowTi-draft  kilns,  four  of  which 
hold  30,000  bricks  each,  and  two  hold  43,000  each.  There 
are  two  square  kilns  which  have  a  capacity  of  30,000  each. 
It  requires  eight  to  nine  days  to  burn  a  kiln  of  bricks. 
Coal  is  used  as  fuel. 

Asphalt. — About  one  mile  due  south  of  Soldier,  on 
the  property  of  Whitt  and  King,  is  an  outcrop  of  asphalt 
at  an  elevation  of  1,040  feet  above  sea  level.  It  is  a 
coarse-grained  sandstone  which  is  completely  saturated 
with  oil.  Where  exposed  to  the  sun  for  a  day  or  two  the 
black  oil  runs  out  of  the  rock.  An  18-incli  seam  of  coal 
outcrops  just  above  the  asphalt  rock  on  the  opposite  side 
of  the  hill.  The  following  is  a  section  made  at  the  asphalt 
opening : 

Feet.  Inches. 
Gray  sandstone. 

Stratiiied    gray    clay    12 

Gray  sandstone  2 

Gray,  stratified,  plastic  clay  6 

Asphalt  rock  4-6 

Gray  plastic  clay. 

A  short  distance  down  the  same  branch  and  a  few 
feet  below  the  asphalt  horizon,  is  an  outcrop  of  the  Mis- 
sissippian  limestone  which  lies  just  below  the  fire  clay. 

There  is  an  interesting  relation  of  the  asphalt  rock 
to  the  fire  clay  of  this  region.  The  asphalt  rock  occupies 
a  geological  horizon  just  above  the  fire  clay.  In  some 
places  where  the  fire  clay  is  absent  the  asphalt  may  be 
found  below  the  horizon  of  the  fire  clay,  or  it  may  be  so 
thoroughly  disseminated  through  the  rocks  that  it  has 
not  accumulated  to  any  extent. 
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The  asphalt  rock  was  opened  on  J.  P.  Banner's 
place  one-half  mile  west  of  Soldier;  on  J.  D.  Patton's 
land  across  the  branch  from  Banner's;  and  again  on  L. 
S.  Vincent's  land  one  quarter  of  a  mile  northeast  of 
Soldier. 

At  Mr.  Banner's  there  is  a  ledge  of  sandstone  14 
feet  thick,  the  lower  6  feet  of  which  is  rich  in  asphalt. 
The  asphalt  rock  here  rests  directly  on  the  fire  clay. 

About  the  same  conditions  exist  at  Mr.  Patton's 
as  are  found  at  the  Banner  place. 

The  asphalt  at  Mr.  Vincent's  outcrop  is  found  in  a 
stratified  sandstone  fully  20  feet  below  the  fire  clay. 
Boulders  of  limestone  and  fragments  of  fire  clay  are 
present  on  the  opposite  side  of  the  hill  from  where  the 
asphalt  is  found. 

The  asphalt  is  nothing  more  or  less  than  a  sand- 
stone which  has  become  saturated  with  oil.  Were  it 
not  for  the  underlying  impervious  fire  clay  the  oil  in 
many  places  would  not  have  collected  where  it  has.  In 
some  places  the  oil  found  its  way  into  pockets  of  the 
clay.  At  the  J.  B.  Patton  clay  mine  a  hole  for  a  shot 
was  made  in  the  top  of  the  day  and  the  augur  struck 
into  a  pocket  of  oil  and  two  or  three  gallons  of  thick 
oil  ran  down  into  the  mine. 

Iron  Ores. — Iron  ores  were  extensively  mined  in 
this  region  in  the  early  seventies.  A  large  number  of 
abandoned  charcoal  furnaces  in  various  parts  of  the 
era  attest  the  high  esteem  in  which  the  iron  from  this 
district  was  held.  The  ore  occurred  in  irregular  packets 
and  was  mined  in  a  very  crude  manner.  The  furnaces 
were  operated  as  long  as  the  ore  could  be  obtained  in 
such  workings,  but  on  exhaustion  of  these  pockets  the 
expense  of  mining  the  ore  in  a  systematic  manner  was 
too  great  and  the  furnaces  were  shut  down. 

Glass  Sand. — A  fine  grained  sandstone  which  oc- 
curs near  the  base  of  the  Coal  Measure  rocks  is  now 
being  mined  at  Lawton  by  the  Hillman  Sand  Company, 
and  shipped  to  Charleston  Window  Glass  Company,  the 
Banner  Window  Glass  Company  and  the  Bunkirk  Win- 
dow Class  Company,  all  of  Charleston,  West  Virginia. 

The  sandstone  ledge  used  for  this  purpose  is  thirty- 
five  feet  thick  and  crushes  to  fine  sharp  grains  of  almost 
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pun*  (|imi't7«  Tli«  output  of  tlio  plant  is  about  1,000  tons 
H  jnciiith. 

Sandhtonk. —  In  a  finv  locivlities  the  fine-grained 
H»ni(lHt()no  wliioli  oecurs  almvo  the  heavy-bedded  Con- 
H:lonu»ralo  has  h(»(Mi  us(»d  hu»ally  for  foundation  stones, 
milk  houH(%  and  other  hulhlings.  It  is  easily  worked 
W'lu^n  TroHh  Trom  tlu*  (juarry  ami  makes  a  beautiful  gray, 
aud  vtM*v  desiralile  stnieture.  It  has  no  superior  as  a 
fo\mdation  for  bridges  and  ])iers,  and  would  make  a 
desirahh*  Imildiug  stoue  for  dwellings. 

A  prolitable  industry  could  be  established  at  a  num- 
ber of  points  along  the  (Miesapeake  &  Ohio  liailroad  be- 
twiHMi  Soldier  aud  llitehins  in  erushing  the  coarse- 
gniiued,  loosely  i»euu»nted  l\mglomerate  sandstone  for 
a  l>uilding  saml.  At  Cory,  (Jrahn,  and  Aden  the  sand- 
stone forms  high  elilYs  along  the  railroad.  Such  an  in- 
du8try  should  he  a  ]>rotitable  one  in  view  of  the  fact 
that  all  of  the  sand  use<l  in  the  central  limestone  region 
of  Keutm^ky  has  to  Ih^  shippinl  in, 

OU4  AND  (Ivs. — (Ml  aud  gt\s  wells  have  l>een  drilled 
in  ditVeivnt  ]mrts  o(  this  area  with  varying  ilegrees  of 
smvess.  An  oil  well  was  ilrilKnl  in  15)11  on  Mr.  L.  S. 
ViiKvnt*s  land  oue-tourth  of  a  mile  north  of  Soldier. 
The  well  was  drilled  to  a  depth  of  J^TS  tWt  where  a 
lu^wy  How  of  salt  water  sIoihhhI  the  drilling.  The  fresh 
wat^^r  was  castni  otY  at  a  vlepth  of  2*il>  fin^t  and  it  was  a 
dr>'  Inde  to  a  liepth  of  1>5(^  t\vt  where  a  light  Aoav  of  oil 
wa*  struck.  The  following  is  a  se<*tion  of  the  well  made 
by  Mr,  ViiHvnt. 

Thickness    Depth. 

Iteck  $hjsa^  4U>  »4<^ 

V«r«x  vliiky  c^M)tt»lttl)ft|;  $;fc»  aftti  oil 10  ^9^ 

^Vi*L  oU  Attd   (jEftc^beoiruiiEr  aad   siftlt   water  in 

Th»^  s;aU  wHter  rvv*;^  iu  the  weK  to  within  170  feet 
i\f  th^  surfaice^  ami  v>il  ih>w  stHRvis  75  tWt  deep  on  top 
of  the  salt  w;iiler.  ii«s  stiU  t!ows  frv>m  the  well  ami 
bttntet  whett  iwiteii  ^"ttti  a  mateh. 

The  weH  w^fc^^  starteil  fifty  feel  below  the  top  of  the 
W^jtvertv  $atKl:<tv>tte.  on  the  eiiu>teru  tfcmk  of  an  untioliue. 
the  uorth-^^ttth  ore^t  of  which  i:<  aKmt  v^ue-lialf  mile 
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to  the  west.  It  is- possible  that  a  well  a  short  distance 
to  the  west  nearer- the  crest  of  the  anticline  would  strike 
a  larger  flow  of  oil  at  the  same  depth. 

Wild  cat  wells  have  been  drilled  at  Lawton,  Cory, 
Grayson  and  Denton.  The  following  is  a  log  of  Queen 
Farm  Well  No.  1,  Denton.  The  well  was  started  50  feet 
below  Coal  No.  7. 

Thickness.  Depth. 

Surface  10  10 

Blue   shale   100  110 

Water  sand   60  170 

Blue  shale   320  490 

White   sand    120  610 

Blue  shale   15  625 

Fire  clay  10  635 

White  lime  125  760 

Red  clay  10  770 

Blue   shale   65  835 

Big   Injun   sand   165  1,000 

"Hard  shell"  40  1,040 

Blue  shale   205  1,245 

"Berea  Grit"   90  1,335 

The  well  w^as  completed  after  the  writer's  visit  to 
it,  but  no  oil  was  reported. 

An  oil  well  was  drilled  at  Carter  on  Buffalo  Creek 
in  1902  by  some  parties  from  Carter.  The  following  is 
a  log  of  the  w^ell: 

Thickness.  Depth. 

Soil  14  14 

Freestone  86  100 

Blue   shale   84  184 

Sand— trace  of  oil  and  gas  28  212 

Gray  shale  278  490 

Black  shale  60  550 

Fire  clay— white   10  560 

Close  sand  ccmtaining  gas  40  600 

Gray  shale  50  650 

Black-  shale ' 325  975 

Fire   clay— white   60  1,035 

Sand  and  salt  water  rose  to  the  surface.  When 
first  completed  the  gas  from  the  well  had  a  pressure  of 
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27  pounds.  It  now  has  a  30-pound  pressure  and  is  used 
in  Carter  for  heating  and  lighting  purposes. 

The  well  was  started  175  feet  below  the  top  of  the 
Waverly. 

A  number  of  factories  in  the  town  of  Ashland  are 
now  using  natural  gas  secured  from  wells  in  the  vicinity 
of  Ashland. 

At  the  Means  and  Russell  Iron  Company's  brick 
plant,  114  miles  west  of  Ashland  at  the  mouth  of  Hood's 
creek,  a  gas  well  of  1,710  feet  deep  was  brought  in  June, 
1912.  Gas  from  this  well  is  obtained  for  drying  and 
burning  1,000,000  bricks  a  year,  and  also  supplies  fuel 
for  the  boilers. 

The  well  was  started  at  an  elevation  of  520  feet 
above  sea  level,  and  80  feet  below  the  Ferriferous  lime- 
stone. 

CHAPTER  VI. 

OrktIn  and  Nature  op  Clay. 

There  are  two  distinct  viewpoints  to  be  considered 
in  defining  clay.  From  the  standpoint  of  the  practical 
clav  worker  elav  is  an  earthy  substance  which  when 
mixed  with  the  proper  proportion  of  water  and  thor- 
oughly kneaded  becomes  a  plastic  mass  that  remains 
constant  when  molded  into  any  desired  shape.  Thus  it 
is  seen  that  plasticity  is  primarily  the  essential  economic 
characteristic  of  clay.  It  is  one  of  the  principle  prop- 
erties that  has  made  clay  one  of  the  most  useful  natural 
substances  of  modern  times.  There  are  some  highly  re- 
fractory flint  clays  and  pure  kaolins  that  do  not  possess 
the  property  of  plasticity  and  from  this  standpoint, 
therefore,  would  be  excluded  from  the  category  of  clays. 
However  these  non-plastic  materials  become  valuable  as 
clay  products  when  used  with  some  bonding  material. 
The  chemical  definition  of  clay  more  clearly  defines 
it  witli  reference  to  its  composition  without  any  bear- 
ing on  its  physical  properties.  Kaolinite,  the  purest 
form  of  clay  is  a  hydrous  silicate  of  alumina.  Some 
white  clays,  and  the  flint  clays  such  as  are  found  in  Car- 
ter County,  Kentucky,  approach  the  composition  of 
kaolinite.  Most  of  these,  however,  are  non-plastic  and 
in  their  natural  state,  except  being  refractory,  have  lit- 
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tie  in  common  with  the  plastic  clays.  Most  of  the  highly 
flint  refractory  clays  and  the  kaolins  would  come  within 
the  chemical  definition  but  would  be  excluded  under  the 
term  of  ''an  earthy  substance  that  becomes  plastic  when 
mixed  with  a  certain  amount  of  water.''  In  like  manner 
most  clays  that  have  the  quality  of  plasticity  cannot  be 
classed  as  kaolin.  There  is  a  wide  range  in  composition 
from  the  purest  kaolin  to  the  argillaceous  sands. 

A  definition  of  clay,  therefore,  should  include  the 
wade  range  of  plasticity,  and  likewise  the  extremes  in 
chemical  composition.  Clay  may  thus  be  said  to  be  an 
earthy  substance  whose  dominant  factor  is  that  of  plas- 
ticity when  mixed  with  water,  retains  its  shape  when 
molded  and  contains  more  or  less  hydrous  silicate  of 
alumina. 

Kaolinite  is  the  source  of  plasticity  in  clays.  Plas- 
ticity, however,  nmst  be  regarded  as  a  physicial  property 
and  not  a  chemical  one.  In  its  natural  state,  where  it  is 
formed  in  situ,  kaolinite  is  never  plastic.  Its  plasticity  is 
developed  when  the  mineral  is  ground  to  a  fine  powder 
and  mixed  with  water.  This  may  take  place  in  nature  by 
being  broken  up  by  a  running  w^ater  and  carried  by  the 
streams  and  deposited  as  a  reworked  product.  Where 
such  is  the  case  it  is  usually  mixed  with  other  substnces 
the  mass  of  which  will  be  plastic  in  proportion  to  the 
amount  of  kaolinite  it  contains  and  also  to  the  fineness 
of  grain. 

Kaolinite  is  a  product  of  the  decomposition  of  feld- 
spar which  is  found  in  granites,  gneisses  and  other 
igneous  rocks.  Where  the  feldspathic  rocks  are  exposed 
at  the  surface  they  are  attacked  by  the  combined  action 
of  air  which  contains  nitric  acid,  carbon  dioxide  and 
moisture,  and  by  acid-laden  surface  waters.  When  sur- 
face water  becomes  charged  with  carbonic  acid  it  forms 
one  of  the  most  destructive  agents  in  decomposing  the 
rocks.  It  is  aided  by  the  action  of  frost,  roots  of  growing 
trees  and  the  disrupting  forces  and  strains  set  up  in  the 
rocks  by  folding,  faulting,  earthquakes,  and  other  inter- 
nal dynamic  forces.  The  surface  water  charged  with  car- 
bonic acid  finds  its  way  into  the  cracks  and  crevices  of 
the  rocks  which  gradually  yield  to  the  action  of  these 
combined  agents  of  destruction.  Potash  and  soda  are 
the  first  attacked,  and  the  silicates  containing  these  bases 
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are  first  to  be  broken  up.  The  silicates  of  lime  and  mag- 
nesia are  next  attacked,  then  iron  silicates,  and  finally 
aluminum  silicates  which  are  the  most  indestructible  of 
the  compounds. 

Wiien  feldspar  is  decomposed  the  bond  which  held 
the  rocks  together  is  destroyed  and  the  soluble  salts  are 
carried  away  in  solution;  leaving  behind  the  silicate  of 
alumina.  The  amount  of  quartz  and  other  undecom- 
posed  substances  carried  away  by  the  transported 
waters  will  depend  on  the  velocity  of  the  waters  and  the 
depth  of  the  decomposition  of  the  rocks.  It  may  thus 
be  seen  that  the  purity  of  the  aluminous  minerals  in 
their  original  state  will  vary  according  to  the  nature  of 
the  parent  rock  and  to  the  mechanical  conditions  which 
attend  their  formation.  This  process  of  rock  decay  is 
called  weatliering.  The  original  compounds  are  thus 
broken  up  and  new  compounds  are  formed.  The  break- 
ing up  of  the  old  and  the  formation  of  the  new  com- 
pounds require  untold  ages  and  by  this  process  the  va- 
rious olnys  as  we  now  find  them  have  been  formed. 

Classification  of  Clays  as  to  Origin. 

From  the  foregoing  discussion  it  vnW  be  seen  that 
clays  may  be  classified  as  to  origin  under  two  general 
heads,  residual  clays  and  transported  clays. 

Restdu.vi.  Clays. — Residual  clays  are  those  that  have 
been  formed  by  the  alteration  and  decomposition  of 
rocks  on  which  they  rest.  The  purest  fonn  of  residual 
clay  is  kaolin.  Instances  have  been  found  where  kaolin- 
ization  has  taken  place  to  a  depth  of  100  feet,  but  this  is 
an  exceptional  case.  On  steep  slopes  the  clay  will  be  re- 
moved as  rapidly  as  formed.  Even  fragments  of  the 
original  rock  may  be  carried  down  the  slopes  and  de- 
posited with  the  clay  mass  and  later  decomposed  form- 
ing small  bodies  of  pure  clay  in  the  less  pure  mass. 

The  purity  of  the  residual  clay  depends  on  the  char- 
acter of  the  original  rock,  and  the  thoroughness  of  the 
decomposition.  If  the  original  rock  is  a  compoimd  of 
feldspar  and  quartz  and  the  kaolinization  has  been  com- 
plete the  result  is  a  mixture  of  kaolin  and  quartz.  In 
most  clays  there  will  be  more  or  less  sand,  feldspar,  mica, 
iron  in  some  form,  and  other  less  important  minerals. 
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Residual  clays  are  also  formed  from  the  Aveathering 
of  limestones,  argillaceous  sheiles  and  some  clayey 
sandstones.  In  the  case  of  limestones  'the  calcium  and 
the  magnesium  carbonates  and  the  iron  oxide^s  are  dis- 
solved out  and  carried  awav  bv  the  acidulated  waters 
leaving  behind  the  insoluble  clay  compounds,  sand  and 
chert.  The  bonding  materials  of  sandstones  and  shales 
are  broken  up  by  the  weathering  agents,  and  where  con- 
ditions are  favorable  thick  deposits  of  clay  may  result 

Transported  Clays. — ^By  far  the  largest  clay  de- 
posits are  those  which  result  from  the  breaking  up  of 
residual  deposits  by  running  waters  and  are  carried 
down  the  slopes  and  deposited  in  bodies  of  still  water. 
The  fine  particles  of  clay  are  the  first  to  be  taken  up  by 
the  running  streams  leaving  behind  the  heavier  particles 
of  sand,  undecomposed  mica  and  feldspar.  The  distance 
these  sediments  are  carried  depends  on  the  grade  and 
the  velocity  of  the  stream.  A  stream  having  a  velocity 
of  one-third  of  a  mile  an  hour  is  sujfficient  to  carry  the 
minute  particles  of  clay,  but  will  not  affect  the  sand  and 
heavier  particles.  A  stream  with  sufficient  velocity  to 
carry  snuill  fragments  of  rock  will  carry  a  large  amount 
of  clay  particles.  A  slight  decrease  in  velocity  will  re- 
sult in  dropping  the  heavier  materials,  and  with  a  com- 
plete loss  of  velocity  even  the  finest  particles  will  settle 
to  the  bottom.  Each  sudden  rise  of  the  stream  will 
carry  the  mass  a  little  farther  until  it  reaches  its  final 
resting  ])lace  where  the  particles  arrange  themselves  ac- 
cording to  their  specific  gravity.  The  heavier  fragments 
are  dropped  near  the  shore,  while  the  finer  particles  are 
often  carried  far  out  into  the  body  of  water  where  beds 
of  almost  pure  clay  accimmlate. 

Marine  Clays. — Marine  clays  are  those  which  have 
accumulated  on  the  continental  shelf  or  in  deep  sea  water 
adjacent  to  some  land  area.  Near  the  shore,  where  the 
waters  are  likely  to  be  much  disturbed  and  shallow,  the 
deposits  will  be  largely  coarse  materials.  The  finer 
])artieles  of  clay  will  be  carried  out  into  deeper,  still 
water.  Vast  deposits  are  thus  formed,  but  owing  to  the 
fact  that  some  streams  traverse  a  region  of  igneous 
rocks,  and  others  come  from  a  region  of  sedimentary 
i-ocks  there  will  be  a  wide  variation  in  marine  deposits. 
Later  beds  of  an  entirely  different  character  may  cover 
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the  older  deposits  to  a  depth  of  hundreds  and  even  thou- 
sands of  feet.  The  enormous  pressure  of  the  overly- 
ing deposits  will  cause  the  clays  to  merge  into  shales 
and  the  sands  into  sandstones. 

Some  later  orogenic  movements  of  the  earth's  crust 
may  gradually  lift  the  bottom  of  the  ocean  above  the 
surface  and  in  many  instances  the  overlying  rocks  are 
eroded  leaving  the  shale  beds  exposed  to  the  surface. 

A  slate  is  a  metamorphosed  shale.  The  change  has 
been  accompanied  by  physical  forces  or  compression 
which  may  have  completely  obliterated  the  original 
deposition  planes  and  a  lamellar  structure  developed, 
and  by  a  chemical  reaction  w^hich  has  more  or  less  ex- 
pelled the  chemically  combined  water,  thus  changing  it 
from  a  soft  plastic  material  to  a  hard,  rock-like  sub- 
stance. 

EsTUARiNE  Clays. — Clays  that  have  been  formed  in 
compartively  long  narrow  arms  of  the  sea  are  known  as 
estuarine  clays.  They  are  usually  basin-shaped  in  form. 
Where  streams  enter  the  estuary  from  the  side  the 
clays  may  be  very  impure.  Clay  particles  carried  by 
streams  of  low  velocity  entering  the  estuary  from  the 
end  would  be  carried  out  into  the  quiet  water  and  de- 
posited leaving  the  coarser  materials  near  the  mouth. 

Lacustrine  Clays. — These  clays  are  formed  along 
the  shores  and  on  the  bottoms  of  lakes.  Most  of  the 
clays  of  this  type  are  found  in  glaciated  regions  and  owe 
their  origin  to  glacial  deposits  which  have  been  carried 
by  streams  entering  some  lake  or  inclosed  basin.  They 
are  found  in  basins  which  have  been  completely  filled 
with  sediment  or  lifted  above  the  bottom  of  the  lake  sub- 
sequent to  the  deposition  of  the  clay. 

Glacial  Clays. — Closely  associated  with  the  lake 
clays  is  a  type  known  as  glacial  clay.  Vast  quantities 
of  rock-flour  ground  and  transported  by  glaciers  have 
been  deposited  in  irregular  sheets  over  large  areas  in 
northern  regions.  The  clay  deposits  thus  formed  are 
very  irregular  in  form  and  in  composition. 

Alluvlil  Clays. — Extensive  clay  deposits  occur 
along  the  flood  plains  of  large  rivers.  These  vary  from 
the  stiflFest  gumbos  to  the  lean  sandy  clays.  The  tough 
gumbo  and  ' 'buckshot"  clays  of  the  Yazoo  delta  and 
other  large  streams  owe  their  plasticity  to  the  fineness 
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of  the  clay  particles  which  have  been  reworked  many 
timea  by  the  streams.  They  are  always  found  out  in  the 
inter-stream  areas  where  the  currents  were  sluggish. 
The  coarser  particles  were  dropped  near  the  main  chan- 
nels; the  finer  clay  particles  were  held  in  suspension 
longer  and  were  dropped  farther  from  the  channels. 

Streams  flowing  from  a  glaciated  region  carrying 
the  finely-ground  rock-flour  have  formed  extensive  <le- 
posits  called  loess.  These  deposits  were  formed  during 
the  breaking  up  of,  and  inmaediately  following,  the  gla- 
cial period  when  the  streams  were  flowing  at  a  much 
higher  elevation  than  at  present.  In  many  places  the 
loess  is  of  such  even  texture  that  the  stratification  Jines 
are  not  discemable.  However,  there  are  certain  lines 
of  demarkation  betw^een  the  lower  and  upper  divisions 
indicating  that  it  has  been  transported  and  deposited 
by  streams. 

Aeolian  Clays. — Some  of  the  loess  clays  of  the 
west  have  been  carried  and  redeposited  by  winds.  The 
adobe  clays  of  the  plains  are  doubtless  of  this  class. 

Classification  of  Clays  as  to  Use. 

In  attempting  to  make  a  satisfactory  classification 
of  clays  as  to  use  one  is  soon  aware  of  the  difficulty  in 
arranging  a  group  that  does  not  include  parts  of  other 
groups. 

There  is  a  wide  variation  in  clays  both  as  to  their 
chemical  composition  and  physical  properties.  Some 
clays  are  worthless  when  used  alone,  whereas  by  com- 
bining them  wdtli  other  clays  they  thereby  become  some 
of  the  most  valuable  clays.  This  is  especially  true  of 
the  highly  refractory  flint  clays.  The  classification  of 
clays  according  to  their  uses  cannot  be  made  entirely 
free  from  overlaps,  since  about  90  per  cent  or  more  of 
the  finished  products  are  a  combination  of  two  or  more 
clays  and  the  same  clay  may  be  used  for  diflFerent  pur- 
poses. A  more  or  less  arbitrary  classification  that  will 
serve  the  purpose  of  this  report  will  be  made. 

Structural  Clays. — This  type  includes  the  most 
impure  sandy  clays  used  in  common  building  brick  to 
the  highly  decorative  tiling. 

There  are  two  essential  points  to  be  considered  in 
making  a  popular  structural  material  from  clays.   The 
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first  is  to  get  a-  clay  that  will  bunt  to  a  good  strong 
ware,  and  the  seoond^  is  to  get  a  uniform  color.  For 
common  building  briek  red  is  the  most  popular  color, 
which  ordinarily  is  obtained  from  clays  containing  4  to 
6  per  cent  of  ferric  oxide. 

The  more  expensive  cream  and  buff-^coloi'ed  bricks 
may  be  obtained  by  using  a  low  grade  refractory  clay 
containing  a  small  amount  of  iron,  or  from  a  clay  con- 
taining more  or  less  lime.  The  famous  Milwaukee  buff- 
colored  brick  is  bunied  from  clay  containing  over  15 
per  cent  of  lime  which  neutralizes  the  4  per  cent  of  iron 
oxide  the  clay  contains. 

Shales,  in  some  instances  mixed  with  other  clays, 
enter  very  largely  into  the  construction  of  ornamental 
and  encoustic  tile,  paving  brick,  terra  cotta,  copings, 
roofing  tile,  etc.  They  are  usually  high  in  fluxing  prop- 
erties, which  cause  them  to  vitrify  into  a  strong  body 
at  a  comparatively  low  temperature. 

Potter's  Clays. — Clays  used  in  the  manufacture  of 
chinaware,  stoneware  and  earthenware  may  be  desig- 
nated as  potter's  clays. 

China  and  porcelain  wares  are  made  from  high- 
grade  plastic  clays,  from  kaolin  or  a  mixture  of  two  or 
more  of  these  materials.  A  glaze  or  slip  wliich  burns 
to  a  vitreous  transparent  body  is  applied  to  the  outside 
and  inside  surfaces.  Most  of  the  wares  of  this  kind 
used  in  the  United  States  were  formerly  imported  from 
England,  Europe,  China  and  Japan.  In  recent  years, 
however.  New  Jersey,  Pennsylvania,  Ohio,  and  other 
States  have  developed  quite  an  industry  in  this  line. 

Clay  used  in  the  manufacture  of  ordinary  jugs,  jars, 
churns;  milk  pans  and  such  wares  are  usually  white  to 
gray  in  color  before  being  burned,  and  should  be  plastic 
so  they  can  be  easily  shaped  by  the  patter's  hand.  They 
should  be  moderately  refractory  and  bum  to  a  firm 
body  with  little  shrinkage.  Clays  used  for  this  pur- 
pose are  found  in  abundance  in  the  Coal  Measures  and 
m  the  uneonsolidnted  sands  and  clays  of  the  Cretaceous 
and  the  later  formations. 

Refractory  Clays. — Refractory  clays  are  those 
that  are  capable  of  standing  a  high  degree  of  tempera- 
ture without  injury  to  the  burned  ware.  A  clay  that 
fuses  under  3,000  degrees  F.  would  not  be  considerd  a 
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high  grade  fire  cl^y.  The  manufacture  of  refractory- 
wares  has  become  one  of  the  most  important  branches 
of  the  clay  industry.  Tliese  products  have  taken  the 
place  of  fire-resisting  stones  and  iron  pots  and  have 
made  possible  the  enormous  production  of  steel  and 
iron,  glass  \vare,  electrical  appliances  and  coke. 

Clays  of  this  class  must  contain  only  a  small  per- 
centage of  iron,  potash,  soda,  lime  and  magnesia.  In 
the  high  grade  flint  days  of  the  Olive  Hill  district  the 
total  amount  of  fluxing  impurities  runs  as  low  as  one- 
fourth  of  one  per  cent.  It  is  not  uncommon  to  find  the 
total  amount  of  fluxing  materials  in  a  large  number  of 
these  clays  below  one  per  cent. 

The  most  conmion  products  made  to  stand  a  high 
degree  of  heat  are,  fire  bricks,  crucibles,  glass  pots,  gas 
retorts,  saggers,  fire  backs,  locomotive  linings,  stove 
linings,  and  tuyeres. 

Refractory  clays  are  separated  into  two  classes 
based  on  their  physical  structure ;  these  are  plastic  clays 
and  flint  clavs. 

The  plastic  clays  may  be  as  refractory  as  the  flint 
variety,  but  its  plasticity  and  fineness  of  grain  give  it 
a  greater  shrinkage  on  burning  than  the  flint  clays. 
Where  the  amount  of  abrasion  is  small  and  great  heat 
is  required,  as  in  the  bottom  of  a  blast  furnace,  the  pro- 
portion of  flint  to  plastic  is  about  3  to  1.  Near  the  top 
where  the  abrasion  is  great  and  the  amount  of  heat 
relatively  small  the  proportions  are  reversed. 

It  is  a  very  conmion  thing  in  the  Olive  Hill  district 
to  find  the  plastic  and  fliiit  varieties  in  the  same  bed. 
The  flint  clay  generally  occurs  below  and  the  plastic 
above,  although  the  reverse  is  true  in  some  mines. 

Miscellaneous  Clays. — Clavs  are  also  used  as  a 
food  adulterantj  water  filters,  pestles,  mortal's,  models 
of  various  kinds,  door  knobs,  fence  i^osts,  railroad  ties, 
ink  bottles,  smoking  pipes,  emery  wheels,  paper  filling 
and  sizing,  i)laying  marbles,  pedestals,  flower  pots,  uri- 
nals^ wash  stands,  paints,  majolica.  Tliey  form  an  im- 
portant part  in  the  manufacture  of  Portland  cement; 
and  are  burned  as  a  ballast  for  road  construction. 
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Chemical  Properties  of  Clays. 

Perhaps  there  is  no  other  single  natural  product 
that  is  so  varied  in  its  chemical  composition  as  clay. 
In  its  purest  state  it  is  composed  of  46.3  per  cent  of 
silica,  39.8  per  cent  of  alumina,  and  13.9  per  cent  of 
water.  However,  in  the  process  of  breaking  up  of  the 
residual  clay  and  transportation  to  the  deposits  as  we 
most  commonly  find  them  it  assimilates  a  large  number 
of  impurities.  A  careful  analysis  of  an  ordinary  clay 
will  show  the  following  chemical  constituents: 

Chemical  Constituents  of  Clay, 

Chemical  Symbol. 

Silica  SiO 

Alumina   Al  G 

Ferric  oxide  Fe  0  ' 

Lime  daO 

Magnesia  Mg  0 

Potash  K^  0 

Soda  Na^  0 

Lithia    U^^  0 

Titanic  acid  Tl^O^ 

Sulphur  trioxlde  S  0 

Carbon  dioxide  C  0 

Water  H,^  0 

In  commenting  on  the  chemical  analysis  of  clays, 
Messrs.  Heinrich  Reis  and  Joseph  Keele*  give  the  fol- 
lowing : 

**  There  are  two  methods  of  quantitatively  analyz- 
ing clays.  One  of  these  is  termed  the  ultimate  analysis, 
the  other  is  known  as  the  rational  analysis. 

*'The  Ultimate  Analysis:  In  this  method  of  anal- 
ysis, which  is  the  one  usually  employed,  the  various  in- 
gredients of  clay  are  considered  to  exist  as  oxides,  al- 
though they  may  really  be  present  in  much  more  com- 
plex forms.  Thus,  for  example,  calcium  carbonate 
(CaCOa),  if  it  were  present,  is  not  expressed  as  such, 
but  instead  it  is  considered  as  broken  up  into  carbon 
dioxide  (CaOg)  and  lime  (CaO),  with  the  percentage  of 
each  given  separately.    The  sum  of  these  two  percent- 
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ages  would,  however,  be  equal  to  the  amount  of  lime 
carbonate  present. 

**  Altogether  too  much  weight  is  attached  to  the 
chemical  analysis  by  those  unfamiliar  with  the  proper- 
ties and  behavior  of  clay  and  many  wholly  unwarranted 
deductions  are  made  from  it.  It  is  true  that  the  chem- 
ical analysis  indicates  the  percentage  of  different  sub- 
stances present  in  the  clay,  and  that  the  effect  or  action 
of  these  substances  is  understood  in  a  fairly  definite 
way,  but  their  effectiveness  depends  to  a  large  degree 
on  their  uniformity  of  distribution,  and  this  is  not  in- 
dicated by  the  analysis. 

^^  Moreover,  the  ultimate  analysis  gives  us  little  or 
no  information  regarding  certain  physical  properties, 
such  as  plasticity,  degree  of  shrinkage  in  drying  and 
burning,  density  after  burning,  etc. 

**It  is,  therefore,  more  or  less  absurd  to  conclude 
from  a  chemical  analysis  alone  that  a  clay  could  be  used 
for  certain  classes  of  ware. 

**But  regarding  the  matter  from  a  fair  and  con- 
servative standpoint,  it  would  seem  that  the  following 
inferences  may  be  made  from  an  ultimate  chemical 
analysis,  provided  the  clay  is  of  fine-grained  uniform 
texture,  and  the  elements  in  it  evenly  distributed,  and 
not  forgetting  that  there  may  be  numerous  exceptions 
to  every  case: 

*^(1)  The  purity  of  the  clay,  showing  the  propor- 
tions of  silica,  alumina,  combined  water,  and  fluxing 
impurities  present.  High  grade  clays  often  show  a 
percentage  of  silica,  alumina,  and  chemically  combined 
water,  approaching  quite  closely  to  kaolinite. 

**(2)  The  approximate  refractoriness  of  a  clay; 
for  other  things  being  equal,  a  clay  with  high  total 
fluxes  is  commonly  less  refractory  than  one  with  low 
total  fluxes.  Several  factors,  it  must  be  remembered, 
such  as  texture,  irregularity  of  distribution  of  the  con- 
stituents, and  condition  of  kiln  atmosphere  may  affect 
the  result. 

**(3)  The  color  to  which  the  clay  burns.  This  must 
be  judged  with  extreme  caution.  Assuming  the  constit- 
uents to  be  evenly  distributed,  then  a  clay  with  1  per 
cent  or  less  of  ferric  oxide  is  likely  to  burn  pure  white, 
hut  at  high  temperatures  titanium,  if  present,  appears 
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to  produce  discoloration.  One  with  2  to  3  per  cent  ferrio 
oxide  is  likely  to  burn  to  buff,  and  one  with  more  than 
this  will  probably  burn  red,  if  there  is  not  an  excess  of 
lime  or  alumina  present. 

•'*  (4)  Excess  of  silica.  A  high  percentage  of  silica 
(SO  to  90  per  cent)  may  indicate  a  sandy  clay,  and 
possibly  one  of  low  shrinkage,  but  it  does  not  necessa- 
rily indicate  plasticity.  High  silica  in  a  fire  clay 
usually  shows  moderate  refractoriness,  provided  it  is 
evenly  distributed. 

'^(5)  Carbon.  This  should  be  determined,  as  it 
causes  trouble  in  burning  if  present  to  the  extent  of 
several  percent,  requiring  thorough  oxidation  in  firing 
before  the  clay  is  allowed  to  pass  to  the  vitrifying  stage. 

**(6)  Sulphur  trioxide.  Since  this  may  be  the 
cause  of  swelling  in  improperly  burned  wares,  and  also 
indicate  the  presence  of  soluble  sulphates,  it  should  also 
be  determined. 

^'(7)  The  presence  of  a  high  percentage  of  lime 
carbonate  shows  the  clay  to  be  of  calcareous  character, 
and  if  this  is  evenly  distributed  it  is  likely  to  be  of 
buff-burning  character,  with  low  refractoriness,  and  a 
narrow  margin,  between  vitrification  and  viscosity. 

**(8)  Titanium  dioxide  should  be  determined  in 
fire  clays,  as  2  or  3  per  cent  may  reduce  the  refractori- 
ness to  an  appreciable  degree. 

'*  Rational  Analysis. — In  this  method  of  analysis 
an  attempt  is  made  to  determine  the  compounds  actually 
present  in  a  clay,  such  as  kaolinite,  quartz,  feldspar, 
etc.  The  methods  thus  far  developed  are  imsatisfac- 
tory." 

Minerals  Found  in  Clays  and  Their  Effects  on  the 

Burned  Ware. 

Under  the  microscope,  many  of  the  mineral  consti- 
tuents contained  in  clavs  may  be  recognied.  Some  are 
recognizable  with  the  use  of  a  small  magnifying  glass 
and  some  of  the  larger  particles  may  be  seen  with  the 
unaided  eye.  The  more  common  minerals  are  kaolinite, 
pholerite,  silica,  feldspar,  mica,  siderite,  pyrite,  hema- 
tite, calcite,  gj'psum,  magnesium  and  titanium.  Some 
exceptional   clays   contain   lithia,   ammonia,   maganese, 
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altmi,  rutile,  zircon,  tourmaline,  muscovite,  liydrargj'l- 
lite  (gibbsite),  barite,  copjyer  and  chromium. 

Ah  stated  above  a  pure  clay  is  comi)osed  of  silica^ 
alumina,  and  Av^ater.  All  the  other  constituents  usually 
found  in  clay^  wouhl  be  considered  impurities.  There 
ai^  two  classes  of  impurities  found  in  clays.  One  is 
composed  of  minerals  that  are  beneficial  and  the  other  is 
a  combination- of  minerals  that  are  injurious  to  the  clays. 
What  is  considered  an  impurity  in  one  clay,  however, 
would  not  be  considered  an  impurity  in  another  clay. 
The  common,  fluxing  minerals  in  clays  that  are  to-  be 
burned  w^ould  not  necessarily  1k>  injurious  in  claysr  used 
in  the  manufacture  of  paper.  The  purpose  for  w^hich  a 
clay  is  to  be  used  will,  therefore^  determine  the  minei^ls 
that  are  detrimental  impurities  and- those  that  are  essen- 
tial impurities. 

Kaolinite. — Kaolinite  has  long  been  ixjcognized  as 
the  l)ase  of  clavs.  It  is  a  hvdrous  silicate  of  alumina 
(Al2032Si  02,2HoO)  and  contains  4iiM  sili(*a,  39.8  alumina 
and  13.9  water.  Under  the  mici"osTOije  it  is  made  up  of 
minute  white  scales*  It  has  a  speciiic  gra\^ty  of  2.4'  to 
2.63.    It  is  considered  infui-ible. 

PiroLERiTE. — Pholerite  is  al^^o  a  hvdrous  aluminum 
silicate,  with  physical  properties  very  similar  to  that  of 
kaolinite.  The  following  analysis  of  pholerite  shows  it 
to  be  somewhat  higher  in  alumina,  than  kaolinite : 

Per  centi 

Silica    3^.3 

Alumina  46.0 

Water  15.7 

The  base  of  many  of  the  high  refraotory  clays  of 
Carter  and  Greenup  ('omities^  K-entucky,  is  (».omix)s^^d:  of 
I^holerite  and- kaolinite  as  shown' by  the  analyses  given 
in  this  report.  Its  presence  may  be  re(H)giiiz<»d  w^hen 
the  .ratio  of  the  combined  silica  to  the  alumina  is  less 
than  1.16. 

Silica. — Silica,  in  ordinary  clays,  is  the  most  abund- 
ant ]nineral,  and  occurs  in  greater  or  Ics.-!;  quantities,  in 
all  clays.  It  may  be  present  in  the  fonn  of  the  uncom- 
bineil  silica  or  quartz  or  in  the  combined  form  of  one 
of  the  many  silicates. 
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"Where  it  is  present  as  quartz  or  sand,  the  color  may 
be  transparent  or  stained  by  iron  oxides.  The  grains 
may  be  sharp  or  well  rounded  by  abrasion  in  being  trans- 
ported by  water. 

The  chemical  formula  for  quartz  is  Si  O2  and  has  the 
composition  of  46.7  silica  and  53.3  oxygen.  In  the  uncom- 
bined  state,  silica  is  fused  at  about  3,326  degrees  F. 
Combined  with  other  minerals,  the  fusion  point  may  be 
greatly  reduced.  The  presence  of  sand  in  clays  in- 
creases the  refractoriness  and  decreases  the  shrinkage, 
the  plasticity  and  the  tensile  strength. 

Feldspar. — ^Feldspar  is  a  silicate  of  alumina  found 
in  abundance  in  igneous  rocks,  especially  granite.  It  is 
decomposed  by  carl)onated  waters  and  is  not,  therefore, 
as  abundant  in  clays  as  quartz.  It  has  an  anti-shrinkage 
effect  on  clays  and  fuses  at  about  2,192  degrees  F.  Wlien 
combined  with  other  fluxes  it  may  fuse  at  a  much  lower 
temperature. 

Iron. — Iron  that  occurs  in  clays  may  be  divided  into 
two  classes,  (1)  the  brown  or  red-burning  or  ferric  salts, 
such  as  limonite,  hematite  and  pyrite;  and,  (2)  the 
dark-burning  ferrouis  salts  such  as  siderite,  chlorite  and 
augite.  Iron  in  some  form  and  in  some  quantity  is  found 
in  all  clays.  It  is  found  abundantly  in  the  red  burning 
clays ;  and  the  white  burning  clays  generally  contain  the 
smallest  amount.  It  may  be  present  as  minute  crystals 
too  small  to  be  seen  without  the  aid  of  a  magnifying  glass, 
as  thin,  irregular  bands,  or  segregated  into  concretions 
of  various  shapes  and  sizes. 

Iron  is  usually  regarded  as  nature's  great  coloring 
agent.  It  is  the  most  general  source  of  reds  and  browns 
in  clay  wares  and  in  combination  with  other  minerals; 
or  in  very  small  quantities  it  may  produce  the  light  buff 
and  cream  colors.  The  very  popular  speckled  brick  may 
be  the  result  of  finely  divided  particles  of  pyrite  evenly 
distributed  through  the  clay.  Its  presence  is  a  very  essen- 
tial property  in  producing  the  red  color  in  paving  and 
building  bricks,  terra  cotta  and  drain  tile.  Maganese 
also  produces  the  same  result. 

The  color  of  clay  or  shale  depends,  to  a  large  extent 
on  the  amount  of  iron  and  the  condition  in  which  it  is 
present  and  on  tlie  neutralizing  effect  of  other  minerals. 
The  unoxidized  iron,  such  as  pyrite,  siderite,  magnetite 
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and  a  few  less  common  forms,  as  long  as  it  remains  un- 
changed, gives  little  or  no  color  to  the  raw  clay.  In  the 
presence  of  oxygen  the  ferrous  salt  may  change  to  some 
form  of  ferric  salt  which  will  give  a  red  or  a  brown  color 
to  the  clay.  Some  clays  and  shales  owe  their  red  color 
to  the  presence  of  organic  matter. 

While  iron  is  an  important  factor  in  coloring  the  raw 
clay,  it  exerts  a  still  greater  influence  on  the  ware  in 
burning.  The  effect  of  iron  on  the  burned  ware  depends 
on  four  factors,  (1)  the  amoimt  of  iron  present  in  the 
raw  clay;  (2)  the  control  of  the  heat;  (3)  the  intensity 
of  the  heat;  and  (4)  the  presence  of  neutralizing  agents. 
Two  of  these  factors,  1  and  4,  in  a  given  clay,  would  be 
constant,  but  the  kind  of  heat  used  and  the  intensity  of 
the  heat  would  determine  the  color  of  the  burned  ware. 
The  effects  of  the  different  forms  of  iron  on  the  burned 
ware  are  given  below  in  the  discussion  of  each  of  the  iron 
compounds.  Iron  is  also  a  very  important  factor  in  low- 
ering the  fusion  point  of  clays.  Its  presence  in  refrac- 
toiy  claysi  is,  therefore,  detrimental  unless  it  is  in  very 
small  amount  and  thoroughly  distributed,  or  is  neutral- 
ized by  the  presence  of  lime,  oxide  of  cobalt,  feldspar  or 
quartz. 

Limonite  is  found  widelv  distributed  in  clavs  and 
shales.  It  has  the  chemical  formula  of  2  FeoOg,  3  HgO, 
and  contains  59.8  per  cent  of  iron,  25.7  per  cent  of  oxy- 
gen, and  14.5  per  cent  of  water.  It  may  occur  as  a  thin 
coating  on  grains  of  sand  and  other  particles;  as  thin 
bands  through  the  clay;  or,  as  irregular  concn^tions  of 
varied  sizes.  It  is  largely  derived  tlirough  alteration  of 
iron  sulphides  an'l  carbonates.  Under  the  action  of  heat 
it  loses  its  combined  water  and  is  changed  to  hematite. 
It  is  one  of  the  principal  sources  of  brown  and  red 
colors. 

Hematite  is  the  anhydrous  sesquioxide  of  iron  and 
occurs  less  frequently  in  clays  than  limonite.  Its  chemi- 
cal formula  is  Fe^O.^  and  is  composed  of  70  per  cent  of 
iron  and  30  per  cent  of  oxygen.  It  imparts  a  red  to  red- 
dish-brown color  to  shales  and  clays  in  which  it  is  found. 
When  heated  to  redness  limonite  is  converted  to  hematite 
so  that  the  two  produce  the  general  body-color  to  the 
burned  ware. 


*  •  •••• 
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Pyrite  is  a  sulphide  of  iron  (Fe  Sg)  with  the  compo- 
sition of  46.6  per  cent  of  iron,  and  53.4  per  cent  of  sul- 
phur. It  is  very  common  in  unweathered  clays  and  shales 
and  in  certain  forms  is  known  by  the  miners  as  *  *  sulphur 
balls,"  *' shiners,'^  etc.  It  has  a  bright  metallic  lustre 
and  may  bo  present  as  small  rosette  crystals  or  in  some 
form  of  iron  concretions  or  nodules. 

Pyrite  i-s<  readily  converted  to  limonite  in  the  pres- 
ence of  oxygen  and  moisture.  If  lime  is  present  the 
iron  sulphide  changes  to  the  hydroxide  and  the  sulphur 
trioxide  may  unite  mtli  the  carbonate  of  lime  to  form 
gyi>sum. 

"When  pyrite  is  subjected  to  heat  in  the  presence  of 
oxygen  the  iron  becomes  iron  oxide  and  the  sulphur  takes 
up  oxygen  and  becomes  sulphur  dioxide  or  sulphur  tri- 
oxide. 

Pyrite  acts  as  a  flux  in  clays  and  greatly  reduces 
the  fusion  point.  It  may  be  unequally  distributed 
through  the  clays  in  crystals  or  particles  large  enough 
to  be  easily  removed  by  hand  picking  or  by  wasliing. 
If  it  is  in  very  small  particles  and  is  freely  disseminated 
through  the  clays  it  will  fuse  on  the  ware,  producing  a 
brown  or  black  spotted  variegated  surface  which  is  very 
popular  on  face  bricks. 

Mica  in  some  form  is  found  in  a  large  number  of 
clays.  Muscovite,  the  white  variety  and  biotite,  the  dark 
variety  are  the  two  common  forms  in  which  it  is  found. 
In  all  sedimentary  clays  it  is  found  in  very  small  scales. 

The  fusion  point  of  mica  is  so  high  that  it  rarely 
effects  the  color  of  common  brick  clays,  but  its  pres- 
ence in  refractory  clays  is  detrimental  because  of  the 
presence  of  iron. 

Siderite  is  the  carbonate  of  iron  (Fe  C  O3)  and  is 
composed  of  62.1  per  cent  of  iron  protoxide  and  37.9 
per  cent  of  carbon  dioxide.  It  is  often  found  in  shales 
and  unweathered  clays  in  the  form  of  iron  clay-stones, 
or  more  uniformly  distributed  in  the  form  of  crystalline 
particles,  or  perhaps  as  a  thin  film  over  other  substances. 
Siderite  is  more  frequently  found  in  unweathered  sedi- 
mentary shales  on  the  carboniferous  rocks,  though  it 
sometimes  occurs  in  weathered  surface  claj'^.  If  it  is 
in  a  finely  comminuted  condition     and    uniformly  dis- 
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tributed  through  the  days  it  gives  a  gray  slate  color  to 
the  mass. 

When  clays  containing  siderite  are  exposed  to  heat, 
the  carbon  dioxide  is  driven  off  at  a  temperature  of  about 
1,296  degrees  F.  Some  writers  claim  it  is  not  all  removed 
mider  1,652  degrees  F.  The  dark  green  color  of  some 
wares  may  result  from  the  iron  oxide  uniting  with  silica 
forming  a  ferrous  silicate  which  gives  a  green  color. 

Thore  are  other  forms  of  iron  found  in  some  clays, 
but  their  presence  is  generally  so  rare  that  they  will 
only  be  mentioned  here. 

Magnetite  is  a  magnetic  iron  that  may  be  detected  in 
the  clay  and  removed  by  the  use  of  a  magnet.  It  is 
rare  in  most  sedimentary  clays,  but  may  occur  more 
commonly  in  residual  beds. 

Marcasite  is  a  disulphide  of  iron  and  has  the  same 
chemical  composition  as  pyi'ite.  It  weathers  out  of  a  clay 
very  quickly  where  the  clay  is  exposed  to  air  and  mois- 
ture. 

Ilmenite  is  an  oxide  of  iron  and  titanium  and  is 
found  in  some  sedimentary  and  residual  clays  and  shales. 
It  may  occur  as  small  dark  grains,  as  crystals  or  as  small 
plates. 

Glauconite,  biotite,  hornblende  and  garnet  are  com- 
plex silicates  of  iron.  Some  of  these  on  exposure  to  the 
air  in  the  presence  of  moisture  are  changed  to  limonite. 
They  all  fuse  at  a  low  temperature  and  act  as  strong 
fluxes  on  clays  in  burning. 

Calcite. — Lime  or  calcite  is  a  very  common  mineral 
that  is  found  A\dde]y  distributed  in  nature.  Its  chemical 
formula  is  Ca  C  0^  and  is  composed  of  56.  per  cent  of 
lime  and  44.  per  cent  of  carbon  dioxide  or  carbonic  acid. 

Lime  may  be  present  in  clays  in  the  form  of  car- 
bonate, as  calcite  or  dolomite ;  as  a  sulphate  in  the  form 
of  gypisum ;  or  in  the  form  of  a  silicate  as  chlorite,  feld- 
spar and  mica. 

The  presence  of  the  carbonate  may  be  easily  detected 
by  the  applicatioii  of  a  few  drops  of  strong  vinegar  or 
dilute  hydrochloric  acid  which  will  set  free  the  carbon 
dioxide  in  a  strong  effervescence.  It  requires  warm  hy- 
drochloric acid  to  detect  the  presence  of  dolomite.  Cal- 
cite may  be  present  in  clays  in  particles  too  small  to  be 
seen  Anthout  the  use  of  a  magnifying  glaiss,  or  it  may 
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occur  in  irregular  concretions  which  are  very  objection- 
able if  allowed  to  remain  in  the  clays.  Lime  in  this  form 
combines  with  free  silica  and  iron  to  form  silicates  which 
fuse  at  a  low  temperature.  Unless  the  heat  is  continued 
long  enough  for  all  the  lime  to  combine  with  silica,  some 
of  it  will  remain  as  calcium  hydfate  or  quick  lime,  which 
will  cause  the  ware  to  swell  and  break  when  exposed  to 
the  weathering  agents. 

The  sulphate  of  lime  or  gj-psum  is  not  as  common  in 
clays  generally  as  the  carbonate  form,  but  some  clays 
contain  large  amounts  of  it.  It  may  occur  as  thin,  white 
plates  in  cracks  in  the  clay  or  as  long  pencil-like  crystals. 
Gypsum  is  so  soft  that  it  can  be  scratched  with  the  finger 
nail. 

In  burning  clays  containing  gj^psum  it  may  cause  a 
white  crust  known  as  **salt  peter"  to  form  on  the  walls 
of  the  kilns.  At  a  temperature  of  250  degrees  F.,  gyp- 
sum loses  its  combined  water  and  fomis  plaster  of  Paris. 
At  a  still  higher  temperature  it  gives  up  its  sulphuric 
acid. 

The  silicates  of  lime  are  the  most  complex  forms  in 
which  lime  is  found  in  clays.  The  most  common  forms 
are  the  feldspar  group,  the  chlorite  group,  the  mica 
group  and  the  hornblende  group.  It  should  be  noted 
that  the  orthoclase  feldspar  does  not  contain  lime. 

Lime,  in  whatever  form  it  occurs  in  clays,  acts  as  a 
flux  in  lowering  the  fusion  point.  It  is  more  powerful 
when  it  occurs  in  the  form  of  a  silicate.  The  presence  of 
lime  in  clays  has  a  bleaching  effect  on  the  ware.  Some 
clays  contain  4  to  6  per  cent  of  iron  oxide  and  would 
naturally  be  expected  to  burn  to  a  red  color,  but  on  ac- 
count of  the  presence  of  15  to  18  per  cent  of  lime,  the 
clay  bums  to  a  buff  or  cream  color.  It  has  an  anti- 
shrinkage  effect  on  clays  in  burning. 

Magnesia. — ^Magnesia  (Mg  0)  occurs  in  clays  in 
three  forms;  silicates,  carbonates,  and  sulphates.  The 
source  of  magnesia  in  clays  is  usually  from  the  decom- 
position of  magnesian  limestone,  or  dolomite;  or  it  may 
result  from  the  decomposition  of  iron  sulphide.  It  is 
not  found  as  generally  distributed  in  clays  as  lime. 

Its  influences  on  clay  wares  in  burning  is  very  sim- 
ilar to  that  of  calcium  carbonate,  except  that  the  fluxing 
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property  of  the  magnesia  is  slightly  less  than  that  of 
lime. 

Carbon. — The  presence  of  carbon  in  clays  may  be  a 
source  of  trouble  in  burning  the  ware.  It  prevents  or 
checks  the  oxidation  of  any  iron  that  may  be  present  until 
all  the  carbon  is  consumed.  The  combustion  of  the  car- 
bon takes  place,  according  to  Ries,  between  1,472  de-' 
grees  and  1,652  degrees  F.  Unless  the  temperature  is 
held  in  this  limit  until  all  the  carbon  is  consumed,  the 
surface  of  the  ware  may  become  fused  mitigating  against 
the  further  escape  of  inclosed  gases  and  causing  in  bricks 
what  is  known  as  **  black  coring. '^  Clays  that  are  por- 
ous and  are  burned  with  a  good  supply  of  air  in  the  kiln 
when  the  temperature  reaches  a  good  red  heat  will  be 
free  from  black  cores. 

Titanium. — Titanium  oxide  (Ti  O2)  is  present  in 
small  quantity  in  nearly  all  clays.  The  particles  are  so 
small,  however,  that  they  can  be  seen  only  by  the  use 
of  the  magnifying  glass.  It  occurs  as  ilmenite  and  ru- 
tile.  In  small  quantities  titanic  acid  is  usually  regarded 
as  a  negative  impurity,  but  where  the  clay  contains  4  to 
6  per  cent  it  has  a  fluxing  effect  when  raised  to  wliite 
heat. 

Alkalies. — There  are  two  alkalies  that  are  common 
in  practically  all  clays.  These  are  potash  (KgO)  and  soda 
(NagO).  The  chief  source  of  alkalies  in  clays  is  from  or- 
thoclase  feldspar,  a  silicate  of  alumina  from  which  potash 
may  be  derived,  and  oligoclase,  a  lime-soda  feldspar. 
Glauconite  or  greensand  and  muscovite  contain  potash. 
Garnet,  hornblende,  and  some  other  rare  minerals  may 
also  be  the  source  of  alkalies  in  some  clays. 

Alkalies  have  a  powerful  effect  in  lowering  the  fu- 
sion point  of  clays.  They  are  most  effective  in  the  form 
of  soluble  salts.  They  are  an  advantage  in  paving  brick 
clays  as  the  clays  are  fused  into  a  hard  mass,  at  a  low 
temperature,  thereby  affecting  a  sa\ing  in  fuel  and  time. 
In  clays  intended  for  refractory  purposes,  the  smaller 
the  percentage  of  alkalies,  the  better. 

Water. — ^Water  is  present  in  clays  (1),  as  mechani- 
cally combined  water  or  moisture,  and  (2),  as  chemically 
combined  water. 

Mechanically  Combined  Water  or  Moisture. — The 
amount  of  mechanically  combined  water  in  clays  varies 
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from  about  2  per  cent  in  air-dried  clay  to  as  niucli  as  35 
per  cent  in  plastic  mud:  The  amount  of  water  vapor  a 
clay  will  absorb  depends  on  the  physical  character  of  the 
clay.  AIL  clays  are  more  or  less  ))erous  and  will^ahsorl) 
water  until  all  of  the  little  spaces  between  the  clay  parti- 
cles are  completely  iilledt  Fine-Drained'  clays  absorb 
more  moisture  than  coarse-grained,  clays  for  the  reason 
that  the  capillary  attraction  is  greater  in  tlie  fonnor  than 
in  the  latter.  In  very  coarse-grained  clays  tlie  water 
runs  out  as  readily  as  it  runs  in,  while  the  little  capillary 
tubes  of  fine-gi'ained  clay-s  will  absorb  the  water  and- 
hold  it. 

Clays  that  are' capable  of  absorbing  and  holding,  a 
large  amount*^  of  w-at^er  require  more  watar  to  render 
them  plastic  than  lean  clays.  A  clay  will  absorb  mois- 
ture from-  the  air  when  the  air  i?;  more  saturated'  than 
the  clay.  If  the  air  becomes^  dry^r  than  the  clay,  the 
transfer  of  moisture  takes  place  between  the  clay  and  the 
air. 

When-  clavs  are  made-  into  bricks  or  otlier  wares, 
they  lose  a-lai'ge  per  cent  of  the  mechanically  held  water 
in  air  drying.  The  entire  amount  of  this  water,  how- 
ever, is  only  parted  A\dth  at  a  temperature  of  212  de- 
gi^ees  F.  If  the  water  is  i-emoved-  from,  a  fine-grained 
fat'  cliay  too  ra^Dddly  hi'  dryingi  there  is  danger  of  the 
ware  cracking.  In  someclay*s,  and  especially  those  that 
are  made  porous  by  the  application  of  grog  or  calcine, 
the  moisture  mav  be  driven  oflfbv  artificiaMieat  at  a  verv 
rapid- rate  without  injurj*  to  the  texture  of  tlie  dfty. 

Care  should  be  used  in*  drying  clays  containing 
alkalies  and  other  injurious  minerals  held'  in  solution. 
On  rapid'  drying,  according  to  Ries,-  the  solutions  will 
be  evaporated- leaving,  the  compounds  on  tlie  surface  to 
give  trouble  later  in  burning. 

Chemically  Combined  AVater. — As  above  stated,  all 
of  the  moisture  or  mechanically  held  water  in  clays  is 
driven  oft  on  heating- them  to  a  temperature  of  212  de- 
grees F.  However,  when  this^  is  done,  there  still  re- 
mains from  4' to  15  per  cent  of  water  which  is- in  chem- 
ical combination  with  the  clav.  This  water  is  not  en- 
tirely  driven  off  until  a  temperature  of  a  red  heat  is 
reachedf 
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Fine-grained  clays  contain  a  much  larger  percent- 
age of  chemically  combined  water  than  sandy  clays. 

When  a  clay  loses  its  chemically  combined  water 
its  most  potent  factor,  plasticity,  is  forever  destroyed. 
No  amount  of  grinding  or  addition  of  water  can  restore 
this  once  active  property.  It  is  only  by  the  loss  of 
plasticity  and  water,  however,  that  it  becomes  tlie  hard 
durable  ware  that  is  capable  of  withstanding  the  hard 
service  to  which  burned  clay  wares  are  subjected. 

Physical  Properties  of  Clays. 

It  is  generally  understood  by  all  writers  on  ceramics 
that  the  physical  properties  of  clays  are  far  more 
essential  than  the  chemical  properties.  It  is  the  phys- 
ical property  more  than  the  chemical  property  that 
determines  the  range  in  which  a  clay  is  applied.  As 
an  illustration,  in  the  Olive  Hill  district  there  are  two 
distinct  varieties  of  clays  found  in  the  same  bed.  Both 
are  highly  refractory  and  have  practically  the  same 
chemical  composition,  but  the  uses  to  which  they  are 
applied  are  based  on  their  physical  properties.  One 
is  very  plastic  and  the  other  is  of  a  flint  variety. 

Plasticity. — That  property  which  enables  a  clay, 
when  mixed  with  a  certain  percentage  of  water,  to  be 
molded  into  any  desired  shape  and  to  retain  that  shape 
when  dry  is  called  its  plasticity.  It  is  this  property 
that  has  made  possible  the  great  development  of  all 
branches  of  the  ceramic  industry. 

As  has  been  stated  above,  the  amount  of  water 
necessary  to  render  a  clay  plastic  depends  on  the  char- 
acter of  the  clay.  Some  close-grained  clays  require 
twice  as  much  water  to  render  them  plastic  as  a  coarse 
clay. 

Shrinkage. — The  decrease  in  volume  a  clay  under- 
goes in  air  drying  is  known  as  air-shrinkage.  When 
heated  to  red  heat  they  suffer  another  loss  in  volume 
called  fire-shrinkage. 

The  air-shrinkage  is  due  to  the  loss  of  moisture 
or  hydroscopic  water.  All  clays  require  more  or  less 
water  to  render  them  plastic.  The  large  percentage  of 
added  water  fills  the  pores  of  the  clay  and  the  indi- 
vidual particles  are  forced  apart. 

geo.  23. 
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It  is  in  this  swollen  condition  that  clays  are  gener- 
ally molded  into  the  various  forms  they  are  expected 
to  retain  when  burned.  A  certain  per  cent  of  the  water 
is  removed  on  air  drying  the  ware,  the  shrinkage  being 
in  proportion  to  the  amount  of  water  evaporated.  The 
entire  amount  of  water  vapor  is  not  removed  until  the 
ware  is  heated  to  212  degrees  F.  It  is  readily  seen, 
therefore,  that  the  air-shrinkage  does  not  correspond  to 
the  total  loss  of  mechanically  held  water  or  moisture. 

The  air-shrinkage  of  some  clays  is  accompanied  by 
a  cracking  of  the  ware.  Some  highly  plastic  clays  like 
gumbo  crack  very  badly  and  have  a  high  degree  of 
shrinkage.  Some  refractory  plastic  clays  like  those  of 
the  Olive  Hill  district  can  be  dried  very  rapidly  without 
injury. 

In  a  large  number  of  clays  sand,  grog,  calcine  and 
other  substances  are  used  to  decrease  the  shrinkage. 
Calcine  is  largely  used  in  the  manufacture  of  the  Olive 
Hill  fire  brick  on  account  of  its  refractoriness  and  low 
shrinkage  property. 

All  clays  contract  to  a  greater  or  less  degree  in 
burning.  The  shrinkage  is  not  complete  until  all  of  the 
chemically  combined  water  and  other  volatile  matter 
are  removed  and  all  of  the  pores  of  the  ware  are  closed 
resulting  in  complete  vitrification. 

Some  of  the  refractory  clays  of  the  Olive  Hill  dis- 
trict expand  to  a  certain  degree  in  burning.  The  bricks 
containing  a  large  percentage  of  calcine  and  flint  clay 
and  only  enough  plastic  clay  to  bond  them  have  a  very 
low  shrinkage. 

Tensile  Strength. — Tensile  strength  is  usually 
defined  as  **the  resistance  that  a  clay  offers  to  the  rup- 
ture or  being  pulled  apart."  The  resistance  is  least 
in  a  freshly  molded  clay.  It  increases  greatly  when 
the  clay  is  air-dried  and  reaches  the  maximum  amount 
when  the  clay  is  vitrified. 

The  tensile  strength  of  a  clay  determines  the  care 
that  must  be  exercised  in  handling  the  green  wares ;  and 
also  the  amount  of  calcine,  grog  or  other  non-adhesive 
substances  that  may  be  introduced  into  the  clay  ware. 

An  aggregation  of  clean  sand  has  no  tensile 
strength.  Introduce  into  it  enou^  plastic  clay  to  form 
a  paste  and  let  it  dry  and  it  will  offer  more  or  less  re- 
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si^tance  when  pulled  apart.  There  seems  to  be  some 
relation  between  plasticity  and  tensile  strength,  but  it 
does  not  necessarily  follow  that  a  clay  high  in  plasticity 
will  possess  a  high  tensile  strength.  Some  substances 
like  limestone  have  a  high  degree  of  tensile  strength  but 
are  entirely  wanting  in  plasticity. 

Fusibility. — The  adaptability  of  a  clay  to  with- 
stand heat  involves  practically  all  of  the  physical  an^ 
the  chemical  properties  the  clay  may  possess.  The  be- 
havior of  a  clay  under  certain  heat  conditions  largely 
determines  its  degree  of  usefulness.  This  involves 
color,  shrinkage,  hardness  and  degree  of  heat  used. 

AH  clays  as  they  are  used  in  the  ceramic  arts  are 
fusible  at  some  temperature.  The  point  at  which  this 
takes  place  depends  on  (1)  the  chemical  character  and 
(2)  the  physical  conditions  of  the  clay.  A  clay  con- 
taining a  large  percentage  of  kaolinite,  silicate  of 
alumina,  and  practically  free  from  fluxing  impurities 
is  a  high-fusing  or  refractory  clay.  With  this  as  a  base, 
by  the  admixture  of  other  clays  of  known  physical  and 
chemical  properties,  any  desired  ware  may  be  produced. 

A  clay  undergoes  three  changes  in  passing  from  a 
solid  to  a  molten  mass.  These  are  incipient  fusion, 
vitrification,  and  viscosity.  The  respective  tempera- 
tures at  which  they  take  place  vary  with  each  clay,  de- 
pending on  the  nature  and  the  amount  of  fluxing  im- 
purities present,  the  fineness  of  the  grain,  and  the  na- 
ture of  the  flame  in  the  kiln. 

Incipient  vitrification  takes  place  when  individual 
grains  are  lost.  It  is  then  very  hard  and  shrinks  but 
little  after  this  point  is  reached.  A  further  rise  of  tem- 
perature of  150  degrees  to  500  degrees  F.  is  sufficient 
to  produce  a  greater  softening  of  the  clay  completely 
uniting  all  of  the  individual  grains,  but  the  clay  still 
retains  its  shape.  At  this  point  it  ceases  to  contract. 
If  the  heat  is  removed  at  this  point  the  ware  will  be 
vitrified.  If  the  heat  is  raised  to  a  sufficient  tempera- 
ture above  this  the  ware  swells  and  becomes  a  viscous 
or  molten  mass. 

The  control  of  the  heat  in  burning  a  kiln  of  clay  pro- 
ducts is  of  vital  importance  to  the  clay  manufacture.  In 
some  clays  it  is  necessary  to  raise  the  temperature  to  a 
certain  point  and  hold  it  there  for  some  time  to  effect 
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c<M'tuin  (JH»mical  changes  or  to  allow  the  escape  of  Cer- 
tain gnsoH.  A  slight  increase  in  the  temperature  at  this 
lU'itical  time  may  produce  a  premature  vitrification  of 
tho  Hurfaco  of  the  ware  tliereby  enclosing  sulphur  and 
lUK^onsunied  carbon  and  prevent  further  oxydation.  At 
Htill  liighor  ti^niporatures  carbon  monoxide  and  hydro- 
carbon gases  (lovolop  and  become  very  active  agents  of 
doHtructiou. 

in  Honio  clays  the  temperature  interval  between  in- 
oipi(Mit  fusion  and  complete  viscosity  is  very  little  and 
it  is  iiniwrtant  to  know  at  what  temperature  each  takes 
))huM^ ;  and  knowing  these  to  be  able  to  control  the  heat 
and  tlu^  air  supply  at  tlie  crucial  point. 

St^voral  methods  have  been  devised  by  which  the 
ooud\iot  of  a  clay  at  high  temperatures  may  be  studied 
ajul  its  fusion  point  determined.  Some  are  based  on 
tho  shrinkage  of  the  clay,  color  of  the  flame,  chemical 
analysis  giving  the  quantitative  relation  of  pure  clay 
ti>  tho  ll\ixing  ingredients,  and  tJiermo-eleetric  resist- 
nniv.  In  most  of  those  the  results  are  more  or  less 
muvliahle  and  s\ibjeot  to  a  wide  variation,  since  they 
largi^ly  depend  on  the  experience  of  the  operator. 

Skuku  Conks, — These  consist  of  certain  definite 
mixt\iros  of  olay-lmse  and  tiuxes  whose  fusion  points 
aiv  establisluHl  and  have  Ihhm\  extensivelv  used  for  de- 
tenuiniug  the  teminn-atuiv  of  kilns.  There  were  only 
JU>  cones  in  the  original  Segi^r  series,  but  adiUtions  have 
Ihvu  nuuie  by  Oran\er  and  others  until  now  there  is  a 
series  of  tU  numlnu-s  ranging  frvun  022  to  39.  The 
fusion  iKHut  of  0-2  is  l,rtU  degrees  F.,  and  3,470  de- 
giws  b\  for  wue  %ttK  The  variation  in  the  fusion  points 
of  ivnes  0--  to  010  is  J^  degrees  F.,  whereas  between 
ivues  010  and  39  the  ditTer^Muv  is  onlv  36  desrrees  F. 
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Composition  and  Fusing  Points  of  Seger  Cones 
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Composition  and  Fusing  Points  of  Seger  Cones. 
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REPORT  ON  THE  TECHNOLOGY  OF  KENTUCKY 

CLAYS,  INCLUDING  CHEMICAL  AND  ME- 

CHANICAL  ANALYSES,  AND  BURNING 

TESTS. 

By  H.  D.  Easton,  E.  M. 


INTRODUCTORY  REMARKS. 


Clay  has  been  used  in  the  manufacture  of  brick,  pot- 
tery and  other  products  since  the  dawn  of  the  earliest 
civilization.  So  widely  distributed  on  the  face  of  the 
earth  is  this  mineral,  and  so  abundant  and  varied  in 
character  (color,  form  and  physical  properties)  are  these 
deposits,  that  it  is  not  surprising  that  it  has  such  an 
enormously  extensive  application  and  that  every  State 
and  Territory  in  the  Union  finds  clay  and  clay  products 
to  be  a  source  of  much  wealth. 

The  great  importance  of  clay  is  shown  by  the  fact 
that  the  products  of  the  clay-working  industries  mar- 
keted in  the  United  States  dtiring  the  year  1911,  had  a 
value  of  $162,236,181  (counting  only  the  clay  products 

and  not  that  mined).  This  was  a  decrease  of  4.63  per 
cent  as  compared  with  170,115,974  in  1910,  and  a  de- 
crease of  2.46  per  cent  as  compared  with  $166,321,213 
for  1909. 

The  value  of  the  clay  products  of  Kentucky  for  the 
years  1908-1911,  as  given  by  the  Mineral  Resources  of 
the  United  States,  was  as  follows : 


Year. 

Brick  and   tile. 

Pottery. 

ToUI. 

1908 

12,085,460 

1153,684 

12,239,108 

1909 

2.332,475 

146,397 

2,478,872 

191« 

2,418,116 

149,421 

2,667,637 

1911 

2,254,000 

114,094 

2,868,094 
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For  the  United  States  during  this  period  the  value 
was : 


Year. 

Brick  and   tile. 

Pottery. 

ToUI. 

1968 

n08,062,207 

$25,135,555 

$133,197,762 

1909 

135,271,772 

31,049,441 

166,321,213 

1910 

136,331,291 

33,784,678 

170,115,974 

1911 

127,717,621 

34,518,560 

162,236,181 

This  shows  a  decrease  of  7.77  per  cent  for  Kentucky 
and  a  decrease  of  4.63  per  cent  for  the  whole  United 
States  for  the  year  1911  as  compared  with  1910. 

In  1911  Ohio  ranked  first  in  the  output  of  clay  pro- 
ducts, having  a  value  of  $32,663,895  or  20.13  per  cent  of 
the  total  for  the  United  States:  then  followed,  in  the 
order  named,  Pennsylvania  with  a  value  of  $20,270,033, 
New  Jersey  with  a  value  of  $18,178,228,  and  Illinois 
with  a  value  of  $14,333,011.  Kentucky  ranked  fourteenth 
with  1.46  per  cent  of  the  total  product  for  the  United 
States  which  was  practically  the  same  standing  held  by 
Kansas. 

The  following  table  shows  the  kinds,  quantity,  value 
etc.,  of  the  clay  products  of  Kentucky  from  1905  to  1911, 
inclusive,  the  data  being  taken  from  the  Mineral  Re- 
sources of  the  United  States: 
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The  foregoing  figures  do  not  show  the  wealth  of 
clay  possessed  by  this  State,  but  they  merely  indicate 
the  present  development  in  the  manufacture  of  clay- 
products.  When  we  consider  the  leading  clay-producing 
States  in  1911,  Kentucky  stands  fifth  in  both  quantity 
and  value  and'  showed  the  greatest  increase  of  all  the 
States  during  that  year.  This  increase  was  chiefly  in 
fire  clay,  being  63.90  per  cent  in  tonnage  and  47.64  jer 
cent  in  value.  New  Jersey  ranks  first  in  quantity  and 
value  of  clay  produced,  with  Pennsylvania  second,  they 
having  held  this  relative  rank  for  several  years.  In 
both  of  these  States  fire  clay  is  the  leading  variety.  Oliio 
was  third  in  quantity  and  fifth  in  value  of  clay  produced 
although  she  stood  first  as  a  clay-working  State.  Mis- 
souri was  fourth  in  quantity  and'  third  in  value. 

Although  Kentucky  has  a  clay-working  industry  of 
considerable  importance  and  ranks  high  as  a  clay-pro- 
ducing State,  yet  she  possesses  an  abundance  and  variety 
of  clays  that  are  but  little  known.  The  future  of  this 
State  in  the  production  of  clay  and  clay-products  is  very 
bright  and  it  is  the  object  of  this  bulletin  to  emphasize 
this  fact  and,  by  pointing  out  the  character  of  some  of 
these  clays,  help  in  the  commercial  utilization  of  these 
deposits. 

CHAPTER  1. 

What  is  Ci.ay  ? 

The  word  clay,  like  the  word  fire,  has  a  more  or  less 
definite  meaning  to  all  persons  of  ordinary  intelligence; 
clay  is  such  an  abundant,  and  coninionly  met-with,  part 
of  the  earth  that  nearly  all  men  are  familiar  with  it. 
Clay  and  sand  make  up  the  greater  part  of  all  soil,  and 
the  one  is  known  almost  as  well  as  the  other.  Both  are 
found  scattered  over  the  earth,  and  the  floor  of  the  sea, 
and  this  wide  range  of  distribution,  with  an  ever  chang- 
ing proportion  and  great  variety  of  composition,  gives 
every  man  ample  opportunity  to  know  each. 

Popular  Definition  of  Clay. 

The  most  popular  definition  of  the  term  clay  is: 
Earthy  materials  which  become  plastic,  or  pasty,  when 
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mixed  with  water  and',  owing  to  this  property  of  becom- 
ing pasty  (plasticity)  can  be  molded  into  a  great  variety 
of  shapes  which  are  retained  when  the  clay  is  dried; 
when  heated  to  redness,  or  higher,  the  clay  becomes 
hardened  and  stone-like,  thus  holding  the  useful  or  orna- 
mental form  given  before  firing. 

While  it  is  true  that  some  clays  are  lacking  in  plastic- 
ity, yet  this  predominant  characteristic  is  the  most  im- 
portant property.  If,  in  the  definition  of  clay,  plasticity 
alone  be  taken  as  the  distinguishing  characteristic,  then 
some  very  important  clay  deposits  would  bo  tlirown  out; 
hence  this  definition  needs  to  be  modified  bv  a  considera- 
tion  of  other  properties. 

Scientific  Definition  of  Clay. 

Clay  is  a  mineral  mixture  the  base  of  which  is  kao- 
linite.  Strictly  speaking,  the  term  olay  applies  solely  to 
the  single  mineral  kaolinite,  which  is  not  an  original  con- 
stituent of  the  earth's  crust,  but  a  result  of  kaoUnization 
(or  w^eathering)  of  rock  contaiiiiuj^:  feldspar. 

The  term  kaolinite,  which  refers  to  a  mineral,  should 
not  be  confused  wntli  kaolin  (or  china  clay)  which  refers 
to  a  residual  clay,  usually  pure  white,  and  often  called 
china  clay.  Kaolinite  is  a  hydrous  silicate  of  alumina; 
chemically  it  is  expressed',  AI0O3,  2Si02,  2HoO  in  the 
proportion  of  39.8  per  cent  of  alumina,  46.3  per  cent  of 
silica  and  13.9  per  cent  of  water.  The  water  in  kaolinite 
is  chemicallv  combined  with  silicate  of  alumina. 

Origin  of  Clay. 

Eternal  change  is  going  on  over  the  earth's  crust: 
building  up  here  and  disintegrating  tlic^re,  with  molten 
rock  from  inside  the  earth  flowing  out  at  places  and  solid- 
ifying by  cooling.  The  i)articles  of  disintegrated  rocks 
are  collected  by  water,  wind  or  glaciers  into  layers  which 
may  again  solidify  into  rock,  this  formation  being  callei 
sedimentary  rock.  The  molten  magma  exuding  from  the 
interior  of  the  earth,  or  being  near  the  surface,  cools  and 
forms  igneous  rock.  Corals,  crinoid  stems,  etc.,  collect 
in  the  sea  and  produce  a  rock  composed  chiefly  of  calcium 
carbonate,  known  as  limestone.  Each  of  these  forma- 
tions may  be  altered  by  heat  and  pressure,  such  as  is 
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produced  by  folding  and  twisting,  as  in  the  ease  of  moun- 
tain ridges,  nto  metamorphoric  rock.  Again,  each  of  these 
classes  of  rocks,  sedimentary,  igneous,  lunestone  and  met- 
amorphic,  may  be  broken  up  and  altered,  and  thisi  change 
may  produce  deposits  of  clay. 

The  agents  that  cause  this  disintegration  act  slowly 
but  they  have  power  to  dissolve  the  firmest  rocks.  The 
atmosphere,  with  its  moisture,  oxygen,  carbon  dioxide, 
movements  and  change  of  temperature;  the  action  of 
moving  water  and  ice ;  the  soil,  adding  to  its  water  the 
acid  products  obtained  from  the  decomposition  of  vege- 
table matter;  all  combined,  act  upon  the  rocks  with  a 
slow,  but  irresistable  power  that  causes  them  to  decom- 
pose and  disintegrate. 

The  crystalline  igneous  rocks  that  are  found  in  the 
earth,  or  near  the  surface,  represent  the  isource  of  nearly 
all  other  rocks  (limestone  being  an  exception).  It  is  by 
the  action  of  the  agencies  named  above  that  igneous 
rocks  and  limestones  supply  the  materials  for  sand- 
stones, shales  and  clays  that  are  classed  as  sedimentary. 

The  igneous  rock  that  decomposes  most  rapidly  is 
granite  containing  feldspar.  Granite  is  composed  of 
quartz,  feldspar  and  hornblende  with  other  minerals  in 
varying  relative  amounts.  The  carbon  dioxide  of  the 
atmosphere  acts  upon  the  potash  feldspar  and  forms 
carbonate  of  potash  and  silicate  of  alumina.  The  car- 
bonate of  potash  is  soluble  in  water  and  is  removed  by 
the  percolating  waters,  leaving  clay  behind;  this  clay  is 
a  mixture,  then,  of  the  silicate  of  alumina  and  the  other 
insoluble  materials  of  the  parent  rock.  By  the  foregoing 
we  see  that  there  necessarily  must  be  a  very  great  range 
in  the  varieties  of  clay,  since  there  is  a  base  of  silicate 
of  alumina  and  varying  proportions  of  rock  fragments 
(representing  all  stages  of  weathering),  lime,  iron,  mica, 
quartz  and  many  other  substances. 

The  origin  of  clay  will  be  discussed  more  fully  in  the 
following  pages  under  the  origin  of  Kaolin — the  more 
nearly  pure  deposits  of  our  clay  base  (silicate  of  alu- 
mina), having  the  name  kaolin  given  to  it. 
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Kaolin. 

Kaolin,  or  China  Clay,  finds  its  most  important 
utilization  in  the  manufacture  of  white  ware  and  por- 
celain. The  white  color  and  refractoriness  of  these  is 
due  to  kaolin,  but  they  are  not  made  of  kaolin  alone; 
with  the  kaolin  is  mixed  ball-clay,  to  supply  plasticity, 
the  kaolin  being  deficient  in  this  physical  property; 
quartz  is  added  to  diminish  the  enoimous  shrinkage  of 
the  kaolin;  and,  as  a  fluxing  material,  feldspar,  or  cal- 
cined bones,  is  used. 

We  have  defined  kaolin  under  the  scientific  defini- 
tion of  clay.  As  stated  before,  it  is  usually  white,  con- 
tains little  or  no  iron  oxide  and  generally  contains  a 
large  proportion  of  the  mineral  kaolinite.  Henrich 
Ries,  in  his  book,  *' Clays;  Occurrence,  Properties  and 
Uses,"*  says: 

*' There  are  clays  made  up  almost  entirely  of  other 
hydrous  aluminum  silicates  than  kaolinite,  which  are 
also  termed  kaolins,  as  the  Indianaite  of  Indiana,  or  the 
Halloysite  of  Alabama. 

*'A  deposit  of  pure  kaolinite  has  not  thus  far 
been  found  in  nature,  though  some  very  nearly  pure 
occurrences  are  known.  While  the  term  kaolin  is  some- 
times applied  to  any  residual  clay,  the  writer  believer 
that  this  designation  should  be  restricted  to  white-burn- 
ing residual  clays,  a  usage  which  is  wide-spread  but 
has  not  become  universal.  The  name  kaolin  is  a  cor- 
ruption of  the  Chinese  Katiling,  which  means  high  ridge, 
and  is  the  name  of  a  hill  near  Jauchau  Fu,  where  the 
mineral  is  obtained. 

'*In  this  connection  it  is  interesting  to  note  that, 
according  to  Richthofen,  the  rock  from  which  King-te- 
chin  porcelain  is  made,  is  not  true  kaolin,  but  a  hard 
jade-like  greenish  rock  which  occurs  between  beds  of 
slate.  He  states:  *This  rock  is  reduced,  by  stamping, 
to  a  white  powder,  of  which  the  finest  portion  is  in- 
geniously and  repeatedly  separated.  This  is  then 
moulded  into  small  bricks.  The  Chinese  distinguish 
chiefly  two  kinds  of  this  material.  Either  of  them  is 
sold  in  King-te-chin  in  the  shape  of  bricks,  and  as  either 
is  a  white  earth,  they  offer  no  visible  differences.    They 


•Claya;  Occurrence,    Properties  and  Uses,    by  H.  Pies,    P.  8,   1906. 


720  First  Annuai.  Report 

are  made  at  different  places,  in  the  manner  described, 
by  pounding  hard  rock,  but  the  aspect  of  the  rock  is 
nearly  alike  in  both  cases.  For  one  of  these  two  kinds 
of  material  the  place  Kaoling  (Miigh  ridge')  was  in 
ancient  times  in  high  repute,  and,  though  it  has  lost  its 
prestige  since  centuries,  the  Chinese  still  designate  by 
the  name  ^Kaoling'  the  kind  of  earth  which  was  form- 
erly derived  from  there,  but  is  now  prepared  in  other 
places.  The  application  of  the  name  by  Berzelius  to 
porcelain  earth  was  made  on  the  erroneous  supposition 
that  the  white  earth  which  he  received  from  a  member 
of  one  of  the  embassies  (I  think  Lord  Amherst)  oc- 
curred naturally  in  this  state.  The  second  kind  of  ma- 
terial bears  the  name  Pe-tun-tse  ('white  clay')." 

**The  following  analyses*  show  the  average  com- 
position of  (I)  the  natural  material  from  King-to-chin, 
such  as  is  used  in  the  manufacture  of  the  finest  porce- 
lain; (II)  tliat  from  the  same  locality  used  in  the  so- 
called  blue  Canton  ware;  (III)  that  of  the  English 
Cornwall  stone;  (IV)  washed  kaolin  from  St.  Yrieux, 
France;  and  (V)  washed   kaolin   from  Ilockessin,   Del. 

I.  II.         III.        rv.        V. 

SUica   (SiOJ   73.55        73.55  73.57  48.68  48.73 

Alumina    (AljO^)    21.09         18.98  16.47  36.92  37.02 

Ferric  oxide   (Fe^Oa)   .27         .79 

Lime    (CaO)    2.55          1.58  1.17  16 

Magnesia    (MgO)    15          1.08  .28  .52  .11 

Potash   (K,0)   46  )  _ .  .^  .41 

Soda  (Na,0)   2.09  \  ^-^^  '^^  .04 

Water    (H^O)    2.62          1.96  2.45  13.13  12.83 

Total  99.62         99.70         99.98         99.83       100.00 

The  above  analyses  show  a  most  striking  difference 
between  the  two  washed  kaolins  and  the  Chinese  clay 
and  Cornwall  stone. 

Origin  of  Kaolin. 

While  some  six  or  seven  theories  have  been  ad- 
vanced to  explain  the  origin  of  kaolin,  yet  the  oldest 
and  most  commonly  accepted  is  that  feldspathic  rocks, 
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through  a  process  of  weathering,  have  formed  these 
beds  in  situ.  Such  mechanical  agents  as  frost,  changes 
of  temperature,  percolating  water,  etc.,  have  brought 
about  a  disintegration  of  the  parent  rock  and  the 
grains  of  feldspar  have  decomposed  into  a  white  mass 
which  is  chiefly  made  up  of  a  hydrated  silicate  of 
alumina,  AI0O3,  2SiOo,  2Hj>0,  called  kaolinite. 

Orthoclase  feldspar,  or  common  feldspar,  the  par- 
ent rock  from  which  kaolins  are  formed,  is  a  double 
silicate  of  alumina  and  potash  (K2O,  AI2O3,  GSiOg). 
The  mechanical  agencies  are  greatly  aided  by  oxygen 
and  carbon  dioxide  in  weathering  this  complex  feld- 
spar: the  percolating  waters  carry  the  oxygen  and  car- 
bon dioxide  to  all  parts  of  the  feldspar  through  cracks 
and  crevices  formed  by  frost,  change  of  temperature, 
and  other  agencies,  causing  it  to  form  less  complex  com- 
pounds through  a  process  of  decay.  Some  of  the  salts 
are  transformed  into  soluble  minerals  and  are  carried 
away  in  solution,  potassium  changing  to  the  carbonate 
and  being  removed  as  such.  The  alumina  and  silica 
combine  with  water  and  remain  behind  as  kaolinite. 

Although  numerous  objections  have  been  raised  to 
the  theory  of  kaolinization  by  weathering,  yet  there  are 
some  very  weighty  facts  to  substantiate  this  theory.* 

1.  The  possible  alteration  of  feldspar  to  kaolinite 
by  water,  whether  containing  carbon  dioxide  or  not. 

2.  The  observed  transitition  with  depth  of  kaolin 
into  unweathered  parent  rock  in  many  cases.  This  is 
seen  in  the  feldspar  deposits  of  North  Carolina,  Mary- 
land, Pennsylvania,  Delaware,  and  Massachusetts. 

3.  The  fact  that  in  the  United  States  practically 
all  of  the  commercially  valuable  kaolin  deposits  lie 
south  of  the  glaciated  areas;  in  other  words,  in  a  re- 
gion in  which  residual  clays  still  remain,  is  singificant. 

Some  of  the  other  theories  accounting  for  the  de- 
composition of  feldspathic  rocks  and  the  formation  of 
kaolin  are  as  follows: 

1.  Kaolinization  by  Water  from  Swamps  and  Peat 
Bogs.  When  water  seeps  through  carbonaceous  matter, 
su(i  as  is  present  in  swamps,  it  picks  up  carbonic  acid, 
organic  matter,  etc.,  and,  being  deficient  in  oxygen,  it 


♦Henrich  Ries,    Trans.   Am.  Cer.   So.,   Vol.  XlII,    P.  57. 


722  First  Annual  Repokt 

attacks  the  parent  rock  and  forms  kaolin.  While  it  is 
wholly  possible  that  some  deposits  owe  their  origin  to 
this  process,  there  are  but  few  deposits  that  show  any 
certainty  of  such  water  as  being  the  agent  of  decom- 
position of  the  parent  rock. 

2.  Kaolinization  by  Pneumatolysis  or  Volcanic 
Emanations.  This  theory  attributes  the  decomposition 
of  the  parent  feldspathic  rock  to  the  action  of  hot  water 
or  gases  given  off  by  an  igneous  mass.  It  is  doubted 
that  any  deposits  of  kaolin  of  commercial  value  have 
been  formed  by  the  action  of  magmatic  water. 

Another  theory  somewhat  similar  to  this  is  that 
ascending  spring  water  (cold)  charged  with  carbon 
dioxide  has  caused  the  kaolinization  in  some  cases. 

Muscovite  as  the  Source  of  Kaolin. 

Each  of  the  above  theories  consider  that  kaolin  has 
originated  from  feldspar,  but  the  theory  has  been  ad- 
vocated that  the  parent  mineral  is  sericite  instead  of 
feldspathic  rock.  Sericite  is  of  the  same  composition 
as  muscovite,  but  is  made  up  of  white  flakes  so  very 
small  that  it  has  no  mica  appearance  except  when  in 
a  mass.  This  muscovite  may  represent  an  intermediate 
step  in  the  decomposition  of  feldspar  and  this  interme- 
diate product  (muscovite)  then  forms  kaolin.  However, 
this  theory  has  little  to  support  it. 

The  weight  of  opinion  favors  feldspar  as  the 
source  of  kaolin  and  weathering  as  the  process  of  for- 
mation, granting  that  acidulated  swamp  water  and  vol- 
canic waters,  and  vapor,  might  be  the  agents  in  some 
cases. 

Origin  of  Kentucky  Kaolin. 

In  Bulletin  No.  6,  of  the  Kentucky  Geological  Sur- 
vey, Dr.  James  H.  Gardner  gives  a  discussion  of  the 
origin  of  the  Kentucky  kaolin  deposits  of  Hart  county. 
The  presence  of  fossils  in  the  kaolin  beds,  together  with 
the  laminated  condition  of  the  deposits,  led  to  the 
*' opinion  that  the  majority  of  the  clays  in  the  district 
are  of  marine  origin,  having  been  carried  probably  by 
rivers  from  a  great  distance,  first  into  the  prongs  of 
the  Lower  Carboniferous  sea  and  then  quickly  depos- 
ited as  local  sediments  at  the  bottom." 


Kentucky  Geological  Survey  723 

Speaking  of  the  lamination  of  these  deposits,  Dr. 
Gardner  said:  *'*  *  *  they  often  show  very  dis- 
tinct and  well  marked  layers — distinct  in  color,  in  phys- 
ical nature  and  in  chemical  composition.  This  is  a 
characteristic  that  we  would  expect  to  find  only  in 
sedimentary  deposits." 

Continuing  the  quotation:  *' Another  important 
feature  in  connection  with  some  of  the  white  clay  de- 
posits of  Hart  county  is  the  fact  that  they  are  underlaid 
by  a  thin  stratum  of  Chester  coal,  which  itself  rests  upon 
a  typical  under-clay  (so  called  *  fire-clay').  It  would  seem 
that  the  close  relation  of  the  clay  deposit  above  with  the 
coal  and  under-clay  below  is  more  in  accord  with  the 
theory  of  sedimentation  than  with  that  of  replacement. 
After  the  coal  was  formed,  the  clay  must  have  been  de- 
posited in  the  comparatively  shallow  water  which  fol- 
lowed a  slow  submergence.  However,  such  a  relation 
could  be  brought  about  by  uncomf  ormity. "  *  *  *  * '  On 
the  other  hand,  some  of  the  clays  by  association  and  re- 
semblance seem  very  much  as  if  they  were  the  result 
of  replaced  chert.  The  deposits,  however,  are  found 
outcropping  entirely  around  the  hills,  as  if  laid  down  in 
regular  horizontal  layers  and  afterwards  exposed  by 
erosion;  although  it  is  yet  to  be  determined,  definitely, 
whether  they  do  exist  through  the  Hlls  or  whether  they 
are  rim  deposits." 

Dr.  Gardner  now  informs  me  that  these  clay  de- 
posits feather  out  into  the  conglomerate  as  has  been 
shown  by  exposures  made  in  tunneling.  This  conglom- 
erate is  made  up  of  quartz  pebbles  ranging  in  size  up 
to  that  of  a  small  hen's  eggs  with  an  occasional  boulder 
of  considerable  size.  He  is  now  of  the  opinion  that  these 
clay  deposits  owe  their  origin  to  the  weathering  of  feld- 
spar in  the  conglomerate  since  practically  no  feldspar 
is  found  in  the  conglomerate  at  the  surface,  whereas  it 
is  present  deeper  down. 

Mechanical  and  Chemical  Alterations  of  Clays  Sub- 
sequent TO  Their  Deposition. 

The  same  chemical  and  mechanical  agents  that  pro- 
duced clay  deposits  continue  in  a  greater  or  less  degree 
of  activity  and  often  alter  or  destroy  the  deposits  after 
they  are  formed.    The  mechanical  agents  are  continually 
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altering  the  earth's  crust  by  uplifting,  folding  and  twist- 
ing and  these  displacements  and  other  movements  are 
often  seen  to  have  acted  upon  clay  deposits.  The  clay 
deposit  may  be  moved  into  such  a  position  as  to  favor 
erosion;  again,  the  reverse  may  take  place  and  the  clay 
deposit  become  deeply  buried. 

The  chemical  agents  may  alter  the  deposits  by 
leaching,  softening,  consolidating  or  by  changing  the 
color.  While  a  clay  deposit  may  have  portions  of  differ- 
ent color  due  to  a  difference  in  chemical  composition  of 
the  original  clay,  yet  the  process  of  oxidation  may  rust 
out  the  iron  compound  and  produce  tints  of  yellow  or 
brown. 
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CHAPTER  2. 

Classification  and  Uses  of  Clay  Deposits. 

Geologists  classify  clays  according  to  their  origin, 
while  the  classification  given  by  some  of  the  clay  tech- 
nologists is  based  upon  the  uses  to  which  the  different 
clays  are  put,  or  upon  the  chemical  and  physical  prop- 
erties. Other  classifications  are  based  upon  the  chemical 
and  mineralogical  composition. 

The  difficulty  of  making  a  satisfactory  classification 
is  shown  by  the  fact  that  quite  a  number  of  these  classi- 
fications are  to  bo  found  in  nearly  all  of  the  clay  reports 
published  by  the  various  State  Geological  Surv^eys.  The 
most  common  ones  are  as  follows : 

Basing  his  classification  on  the  composition,  Profes- 
sor Edward  Orton*  gives  the  following: 


High-grade  clays. 

(50  per  cent  or 
more  kaolin  with 
silica.) 


Low-grade  clays. 

(10  to  70  per  cent 
kaolin  with   notable < 
per  cent  fluxing  ele- 
ments.) 


Character.  Uses. 

1.  Kaolin.t  Manufacture  of  fine  ware. 

2.  China-clay.  Manufacture  of  fine  ware. 

3.  Porcelain-clay.  Manufacture  of  fine  ware. 

4.  Fire-clay  (hard.)  Refractory  materials. 

5.  Fire-clay    (plastic.)  Refractory  materials. 

6.  Potters*  clay.  Earthenware,  etc. 

'1.  Argillaceous  shale.  Paving  block,  etc. 

2.  Ferruginous  shale.  Pressed  brick,  etc. 

3.  Siliceous  clays.        Paving  block  and  sewer  pipo^ 

4.  Tile-clays.  Roofing  tile,  drain  tile. 

5.  Brick-clays.  Pressed     brick,      ornamental 

brick. 

6.  Calcareous  shales.    Common  brick. 


Speaking  of  the  above  divisions,  Professor  Orton 
states :  **The  first  division  comprises  all  clays  and  shales 
that  contain  in  coniiinetion  with  not  loss  than  fifty  per 
cent  of  kaolin  base  little  else  but  the  finelv  divided  silica. 
The  amount  of  fluxing  elements  are  in  all  cases  small, 
rarely  aggregating  as  much  as  five  per  cent,  and  gen- 
erally falling  below  three  per  cent.  Oxide  of  iron  con- 
stitutes much  the  largest  single  element  of  these  fluxes. 
In  almost  every  case  the  potash  is  low.  Such  a  division 
as  is  here  suggested  would  leave  out  some  highly  re- 


•Ohlo  Geol.  Survey,   Vol.  VTI.    part  1,    P.  52. 
fKaolinlte   Is   meant   here   instead   of  kaolin. 
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f  ractory  clays,  it  is  true,  but  the  good  properties  of  such 
would  seem  to  result  principally  from  the  silica  they 
contain. ' ' 

**The  second  division  includes  all  ordinary  clays  and 
shales.  They  may  range  in  kaolin  base  from  ten  to 
seventy  per  cent,  but  they  always  carry  a  notable  per- 
centage of  the  fluxing  elements.  The  alkalies  generally 
make  two  to  five  per  cent,  while  lime,  magnesia  and  iron 
add  two  or  three  times  as  much.  Coarse  sand  and  rock 
fragments  often  make  a  conspicuous  part  also.  These 
low  qualities  of  the  clay  more  frequently  result  from  a 
surplus  of  fluxing  element  than  from  a  deficiency  in 
kaolin  base.'' 

In  the  following  scheme  by  Messrs.  S.  W.  Beyer  and 
I.  A.  Williams*,  which,  in  the  main,  is  the  classification 
offered  by  Prof.  Edward  Orton,  of  Columbus,  Ohio,  the 
subdivisions  are  somewhat  more  extensive,  and,  while 
the  ultimate  basis  is  that  of  origin,  the  physical  and 
chemical  properties  are  taken  into  account  in  making 
some  of  the  lesser  subdivisions." 


Primary  or  re- 
sidual clays. 


Entirely   decomposed  j  j^^^j,^  „^  china  clay. 


feldspathic  rock. 


Partially  decomposed  J  English  Cornwall  stone. 


^feldspathic  rock. 
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Fire  clays. 


Shales. 


{ 


?  Porzellan  Erde  of  the  Germans. 
Highly    re-  (  Flint  fire  clay, 
fractory.     '(  Plastic  fire  clay. 

{No.  2  fire  clay. 
Stoneware  clay. 
Sewer  pipe  clay. 

Indurated,     f  Slaty  shales. 

Not   meta-   <  Bituminous  shales. 

morphosed.    I  Clay  shales. 


r  Alluvium. 
Deposited  from  running  water.  J  Sandy  clays. 

(^Loam. 

\  Whitish  or  red 
(     bowlder  clay. 


Deposited  by  glacial^ 
action. 


Leached. 


Unleached. 


^  Blue  bowlder  clay. 


) 


Deposited  by  winds.  |  Loess. 


•Iowa   G«^ol.    Survey,    XIV,    P.    40. 
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Prof  H.  A.  AVheeler,  in  his  report  on  the  clays  of 
Missouri*,  gives  a  classification  based  on  the  purposes 
for  which  each  clav  is  to  be  used.  His  classification  fol- 
lows: 


1.    White  ware 


2.     Refractory 


5.    Brick 


r  Kaolin. 

China    clay. 

Ball    clay. 
'  Plastic  fire  clay. 
j  Flint  clay. 
[  Refractory  shale. 

Q     Tj^ff^^o'  Plastic  clay  and  shale  of  moderate 

d.     Potters    fusibility. 

f  Paving   brick   clay   and   shale. 

4.     Vitrifying   Sewer  pipe  clay  and  shale. 

Roofing   tile   clay  and  shale. 
Common  brick  clay  and  shale. 
Terra  cotta  clay  and  shale. 
Drain   tile   clay  and   shale. 

6.  Gumbo  Burnt    ballast   clay. 

7.  Slip  Clays  of  very  easy  fusibility.       _ 

The  unsatisfactory  feature  of  tlie  above  classifica- 
tion  li-es  in  the  fact  that  a  certain  clay  might,  and  often 
does,  have  a  number  of  uses  not  included  under  one 
class. 

GrIMSLKY's  (YASS'lFICATION.f 

I.    Residual  clays. 

1.  Kaolin. 

2.  China  or  porcelain  clay. 
II.    Transported  clays. 

(A)  Refractory   (fluxing  impurities  low.) 

3.  Flint  fire  clay. 

4.  Plastic  fire  clay. 

(B)  Semi-refractory    (fluxing  impurities  medium.) 

5.  Paving  brick  clay  and  shale. 

6.  Sewer  pipe  clay  and  shale. 

7.  Roofing  tile  clay  and  shale. 

8.  Stoneware  clay. 

(C)  Non-refractory  (fluxing  impurities  high.) 

9.  Pottery  clays. 

(a)  BaU  clay. 

(b)  Flower  pot  clay. 


^Missouri  Geological  Survey,  ,Vol.  XI,  P.  25. 

fMr.    G.    P.   Grimily.    W.    Vn.    Geol.    Survey.    Vol.    III.    p.   70.    1906,    also 
quoted  by  Mr.  Solon  Shedd  in  Clays  and  Clay  Industry  of  Washington,  p. 

11,    1910. 
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10.  Brick  and  tile  clay  and  shale. 

(a)  Ornamental  brick  clay  and  ahala 

(b)  Terra  cotta  clay  and  shale. 

(c)  Ornamental  tile  clay  and  shale. 

(d)  Common  brick  and  tile  clay  and  shale. 

11.  Gumbo  ballast  clay. 

12.  Slip  clay. 

The  above  classification  of  clays  is  based'  on  their 
origin  and  subdivided  according  to  their  uses  as  deter- 
nained  by  chemical  and  physical  proi)erties. 

Ladd's  Classification.* 

Indigenous. 

(A)     Kaolins. 

(a)  Superficial  sheets. 

(b)  Pockets. 

(c)  Veins. 
Foreign  or  transported. 

(A)  Sedimentary. 

(a)  Marine. 

1.  Pelagic   (deposited  in  deeper  water.) 

2.  Littoral   (deposited  near  shore.) 

(b)  Lacustrine   (deposited  in  fresh  water  lakes.) 

(c)  Stream. 

1.  Floodplain. 

2.  Delta. 

(B)  Meta-sedimentary. 

(C)  Residual. 

(D)  Unassorted. 

Reisf  comments  upon  this  classification  as  follows: 
*' Under  the  IncJigenous  are  included  those  clays  formed 
by  the  decay  of  feldspar  and  other  aluminous  silicates  in 
place.  The  Foreign  or  transported  embrace  all  ^^edi- 
mentary  deposits.  The  Meta-sedimentary  clays  are 
chemical  products  resulting  from  the  decomposition  of 
other  transported  materials,  such  as  volcanic  tuffs,  pum- 
ice, etc.  The  Residual  clays  include  the  insoluble  residue 
left  by  the  dissolving  of  limestones,  while  under  unas- 
sorted are  included  the  glacial  ones.'' 

'  *  The  term  kaolin,  as  here  used,  includes  all  residual 
clays,  except  those  derived  from  limestones,  and,  since  it 
is  not  restricted  to  white-burning  ones,  its  use  is  un- 


•Mo.    Geol.    Survey,    XI,    p.   25.    1897. 

fClays,   Occurrence,   Properties  and  Uses,   by  Hies,   p.  26,  1908. 
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fortunate.  Fiirtliemioro,  the  placing:  of  limestone  resi- 
duals in  a  separate  class  seems  a  rather  line  distinction. 
Delta  clays  hardly  seem  of  sufficient  importance  to  war- 
rant being  placed  in  a  separate  clas-s,  and  are  rare.'* 

RiEs'  Classificatiox.* 

Ries  states  that  a  classification  based  on  origin  is 
perhaps  the  best,  since  it,  of  necessity,  takes  the  form  of 
d'eposit  into  account. 

I.    Deposited  in  water. 

(a)  Marine  clays  or  shales.    Deposits  often  of  great  extent 

White  burning  clays.     Ball  clays. 
Fire  clays  or  shales.     Buff  burning. 

Impure  clays  or  shales.  (  Calcareous. 

I  Non-calcareous. 

(b)  Lacustrine  clays.  (Deposited  in  lakes  or  swamps.) 

Fire  clays  or  shales. 

Impure  clays  or  shales,  red  burning. 

Calcareous  clays,  usually  of  surface  character. 

(c)  Flood  plain  clays. 

Usually  impure  and  sandy. 

(d)  Esturine  clays.    (Deposited  in  estuaries.) 

Mostly  impure  and  finely  laminated. 
II.    Glacial  clays,  found  in  the  drift,  and  often  stony. 

May  be  either  red  or  cream  burning. 
III.    Wind-formed  deposits  (some  loess). 
XV,     Chemical  deposits.  (Some  flint  clays.) 

While  no  classification  oan  be  made  tliat  will  prove 
satisfactory  in  every  particular,  owin^  to  the  fact  that 
there  is  no  sharp  line  of  separation  between  different 
ffi'ades  of  clays,  but  rather  a  gradual  grading  and  over- 
lapping both  chemically  and  mineralogically,  yet  the  last 
classifiaction  given  al>ove  seems  to  be  the  most  useful 
from  the  standpoint  of  both,  the  technologist  and  the  i)rac- 
tical  clay- worker.  The  action  of  chemical  and  mechani- 
cal agents  upon  a  clay  deposit  subsequent  to  its  forma- 
tion, as  pointed  out  in  the  preceding  chapter,  shows  why 
this  absence  of  a  sharp  line  of  demarcation  between  the 
different  clays  is  wanting. 


•M(l.  Geol.  Survey,   ]V,  p.  267  and  amplified  In  IMh  book  on  T'lay.**,   p.  1*7. 
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Uses  of  Clay. 

The  many  uses  to  which  clay  is  put  is  shown  by  the 
following  table  which  was  compiled  originally  by  R.  T. 
Hill,*  and  amplified  by  Ries  :t 

Domestic. — Porcelain,  white  earthenware,  stone- 
ware, yellow  ware  and  Rockingham  ware  for  table  serv- 
ice and  cooking;  majolica  stoves;  polishing  brick,  bath 
brick,  fire  kindlers. 

Structural. — Brick,  common,  front,  presised,  orna- 
mental, hollow,  glazed,  adobe,  terra  cotta,  glazed  and 
encaustic  tile,  drain  tile,  paving  brick,  chimney  flues, 
chimney  pots,  door  knobs,  fire  proofing,  terra  cotta  lum- 
ber, copings,  fence  jposts. 

Hygenic. —Urinals,  closet  bowls,  sinks,  washtubs, 
bath  tubs,  pitchers,  sewer  pipe,  ventilating  flues,  founda- 
tion blocks,  vitrified!  bricks. 

Decorative. — Ornamental  pottery,  terra  cotta,  majo- 
lica, garden  furniture,  tombstones. 

Minor  Uses. — ^Food  adulterants,  paint  fillers,  paper 
filling,  electric  insulators,  pumps,  fulling  cloth,  scouring 
soap,  packing  for  horses'  feet,  chemical  apparatus,  con- 
denying  worms,  ink  bottles,  ultramarine  manufacture, 
emery  wheels,  playing  marbles,  battery  cups,  pins,  stilts 
and  spurs  for  potter's  use,  shuttle  eyes  and  thread 
guides,  smoking  pipes,  umbrella  istands,  pedestals,  filter 
tubes,  caster  wheels,  pump  wheels. 

Refractory  Wares. — Crucibles  and  other  assaying 
apparatus,  gas  retorts,  fire  bricks,  glasts  i)ots,  blocks  for 
tank  furnaces,  saggers,  stove  and  furnace  bricks,  blocks 
for  fire  boxes,  tuyers,  cupola  bricks. 

Engineering  Works. — Puddle,  Portland  cement, 
railroad  ballast,  water  conduits,  turbine  wheels. 

By  far  the  greater  portion  of  the  clay  products  listed 
above  are  made  from  a  mixture  of  three  or  more  clays, 
this  being  especially  true  of  the  high-grade  wares  which 
require  rather  close  control  of  color,  shrinkage,  refrac- 
toriness, etc. 

China  Clays. — In  the  manufacture  of  porcelain, 
white  earthenware  and  granite  ware  a  mixture  of  kaolin. 


•Mineral   Resources,    U.    S.   1891,    p.   475. 

fProfesslonal  Paper  No.  U,  Clays  of  the  U.  S.  East  of  the  Miss.  River, 
1903,  p.  36.  Used  by  Shcdd  in  Clays  of  Washington,  1910,  p.  89,  also  by 
Snyder  in  Clays  of  Okla.,   1011,   p.  87 
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ball  clay,  feldspar  and  quartz  is  used  and  these  must  be 
of  a  high-grade  and'  white-burning.  The  white-burning 
ball  clay  supplies  the  plasticity  which  is  lacking  in  the 
kaolin,  while  the  feldspar  and  quartz  counteracts,  or  re- 
duces, the  great  shrinkage  of  the  kaolin. 

Kaolin. — In  addition  to  the  uses  just  given  for  kao- 
lin, it  is  used  in  the  manufacture  of  paper,  floor  tile,  wall 
tile,  also  in  slips,  glazes,  etc.  It  is  usually  washed  before 
using. 

Our  kaolin  deposits  are  found  in  the  Eastern  part 
of  the  United  States  (Connecticut,  Pennsylvania,  Ten- 
nessiee,  North  Carolina,  Misisouri),  being  scattered  from 
Vermont  to  Texas. 

Analyses  of  Some  United  States  Kaolins. 


1       11      III      IV      V        VI       VII 


Moisture    (HjO)    

Ignition  

Silica  (SiO,)  

Alumina   (AUO.)  

Ferric  oxide  (FeaO,) 
Ferrous  oxide   (FeO) 

Lima  (CaO)  

Magnesia   (MgO)   

Potash    (K,0)    

Stoda   (Na,0)   

Titanic  oxide    (TiO,) 
Water  (H,0)   


Total 


2.39 
12.68 
48.09 
34.66 

0.78 


0.27 
0.23 
0.74 
0.30 
0.25 


2.71 
16.69 
42.32 
36.92 

0.62 


0.21 
0.08 
0.47 
0.18 
tr. 


100.39|100.25 


2.99 
14.80 
43.31 
37.90 

0.32 


0.23 
0.13 
0.25 
0.12 
0.10 


0.25 


62.40 

26.51 

1.14 


0.57 
0.01 


2.05 


45.78 
36.46 
0.28 
1.08 
0.50 
0.04 


0.98|     0.25 


46.28 
36.26 
1.644 

6.192 
0.321 
1.69 
0.85 


8.801  13.40 


•! 


f     1*6^   1 
[      0.85    J 


100.181     100.66    99.84 


13.535 
100.763 


46.50 

37.40 

0.80 

tr. 

1.1 

12.4*9* 
98.29 


I.  Hart  County,   Ky..   Anal,  by  Dr.  A.  M.  Peter,   Ky.,   Afirrl.  Expt.  Sta. 

II.  Ibid.   I.   and  II.   unwashed.     I.   from   Philip   Moss   place,    II.    from 
same. 

III.  Ibid.  UnwashM  from  S.  J.  Murry  plac-^. 

IV.  Webster,    N.   C.     Crude  kaolin.     N.  C.   Geol.   Surv.   Bull.  15,    p.   62. 
1897. 

V.  Webster,    N.   C.     Washed  kaolin.     Ibid. 

VI.  Brandywine   Summit,    Pa.     Hopkins,    Pa.   State  Coll.,    App.    Rept.. 
1898-99,   p.  36. 

VII.  West   Cornwall,    Conn.,    H.    Ries,    Clays,    Occurrence,    Prop.,    and 
Uses,   p.  168. 

Ball-Clay. — Ball-clays  are  white  burning,  highly 
plastic  clays  of  a  sedimentary  origin.  They  usually  occur 
far  from  the  places  of  origin  and  are  often  buried  beneath 
other  deposits.  They  usually  have  less  silica  and  more 
alumina  than  the  kaolin.  They  may  be  white,  brown  or 
of  other  colors,  but  they  must  be  white-burning  to  be 
of  use  in  the  manufacture  of  porcelain  and  white  ware. 
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They  are  found  in  but  few  States,  and  the  greater  por- 
tion of  ball  clav  comes  from  Tennessee    and    Florida. 

^^  • 

Western  Kentucky  has  some  very  promising  deposits  of 
a  first  class  ball-clay.  The  Florida  ball-clay  is  usually 
washed  before  being  marketed. 

Analyses  of     Ball  Clays. 


>  !  " 

III 

IV 

V         VI 

Moisture  _ 

1.36 

58.18 

27.82 

0.64 

b.'so 

0.30 
1.37 
0.44 
0.94 

46.11 

39.55 

0.35 

47!26 

35.85 

1.01 

Silica  (SiO,)  

52.98 

34.26 

0.40 

56.40 
30.00 

45.97 

Alumina  (Al,Oa)  

Ferric  oxide  (FejO,)  .. 
Ferrous  oxide  (FeO).. 

36.35 
1.08 

Lime  (CaO)  

0.58 
0.68 
0.74 
0.45 

tr. 
tr. 

]        1.62 

0.40 

1.14 

Magnesia   (MgO)   

Potash    (K,0)    

0.13 

tr.      1           1.09 
3.26    1 

Soda   (Na,0)   

2.01 

J        1.84 

Titanium  oxide  (TiO,) 

""I'i'o 

0.07 
13.78 

Sulphur  trioxlde  (SO.) 

7.93 

Water  (H,0)  

9.06 

1.^94 

11.49 

12.36 

Total  

100.41 

101.19     100.51  "l      100.75         100.00 

99.83 

I.McCracken  County,    Ky.,    by  Dr.   A.   M.   Peter,    Ky.,    Agri.   Expt.   Sta. 
(No.   25891). 

II.  Edgar,    Fla.    U.    S.    Geol.    Surv.,    Prof.    Pap.    11,    p.    39,    also    Ries, 
Clays   Occurrence,    Prontrties   and   Uses,    p.   169. 

III.  Tenn.    Ball  from  the  Mandel-Sant  Clay  Co.,   St.  Louis,   Mc,  Am. 
Cer.  So.  Trans.  Vol.  XI,   p.  495,   by  Hereford  Hope. 

IV.  Tenn.   Ball   No.   1.   Am.   Cer.   So.   Trans.  Vol.   VIII,    p.  201. 

V.  Mayfield,    Ky.,    U.  S.  Geol.   Surv.,    Prof.   Pap.  11,    p.  39. 

VI.  Regrlna,    Mo.,    Mo.   Geol.    Surv.,    XI,    p.   566. 

Fire-Clays. — A  very  wi(Je  range  of  clays  are  known 
as  fire-clays  but  the  term  applies  chiefly  to  the  highly 
refractory  clays  which  are  free  from  fluxing  materials, 
such  as  lime,  magnesia,  etc.  These  may  be  residual  or 
sedimentary  and  they  vary  exceedingly  in  character  and 
in  value.  They  often  occur  directly  beneath  coal  beds 
and  may  be  either  the  plastic  or  the  flint-clay  nature. 
Fire-clays  are  worked  in  many  States,  being  widely  dis- 
tributed both  geologically  and  geographically.  Ken- 
tucky showed  an  increase  of  63.90  per  cent  in  1911  over 
1910  in  the  tonnage  of  clay  and  this  increase  was  almost 
w^hoUy  in  fire-clay. 

Fire-clays  find  their  most  important  use  in  the  manu- 
facture of  fire-brick  and  furnace  linings.  They  are  also 
used  in  the  manufacture  of  glass  pots  (glass-pot  clays 
come   from    Germany),    crucibles,    retorts,    terra-cotta, 
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paving  bricks,  pressed  bricks,  etc.,  there  is  a  very  wde 
range  of  nse  for  clays  that  are  more  or  less  refractory. 
Wheeler*  gives  2,500  degrees  F.  as  a  higher  temperature 
than  is  used  in  most  operations  requiring  fire-clay  and 
says  that  if  a  clay  can  be  heated  to  this  temperature  be- 
fore it  fails  or  reaches  its  viscous  or  scoriaceous  vitrifi- 
cation point,  it  meets  the  demands  of  most  of  the  applica- 
tions of  fire-clay.  Eiesf  says  that  a  clay  to  be  consid- 
ered refractory  should  not  fuse  under  3,000  degrees  F. 
(cone  27). 

For  glass  pots,  iron  and  steel  furnaces,  which  are 
liable  to  reach  higher  temperatures  than  2,500  degrees 
F.,  a  more  refractory  clay  must  be  used'.  A  clay  that 
fails  at  2,200  degrees  to  2,300  degrees  F.,  may  still  be 
successful  in  places  where  the  temperature  never  goes 
above  2,000  degrees  F.,  but  in  most  furnace  operations 
the  risk  of  reaching  a  temperature  of  2,300  to  2,400  de- 
grees F.,  through  carelessness  in  firing  or  design,  re- 
quires the  limit  to  be  placed  at  2,500  degrees  F.,  to  be 
reasonably  sure  against  accident.  This  is  the  tempera- 
ture of  a  pure,  white  heat.* 

Stonewabe  Clays. — The  clays  used  in  the  manufac- 
ture of  stoneware  are  semi  refractory,  quite  plastic,  dense 
burning  and  of  high  tensile  strength.  In  order  to  per- 
mit of  turning  on  a  potter's  wheel,  they  need  toughness 
and  plasticity.  The  low  grades  of  stoneware  are  made 
from  clay  that  is  inferior  to  the  No.  2  fire  clay  which  is 
the  chief  clay  used  in  making  the  better  grades.  The 
proper  body  is  made  by  mixing  several  clays.  The  stone- 
ware clays  are  used  in  the  manufacture  of  earthenware, 
yellow  ware,  art  ware,  terra-cotta,  etc. 

Sagger-Clays. — Saggers  are  vessels  of  various 
forms  and  sizes,  in  which  the  high  grades  of  pottery  are 
burned.  Quite  a  varietv  of  refractory  and  semi-refrac- 
tory  clays  are  used  in  making  these  and  they  are  formed 
both  by  hand  and  by  machinery.  They  are  usually  sandy 
and  may  require  other  and  more  plastic  clays  to  hold 
them  together.  To  have  the  best  sagger  mixture  coarse 
grog  should  be  used  as  freely  as  can  be  worked.  *^A 
certain  proportion  of  sandy  clay  with  not  coarser  than 


*Mo.    Geol.    Siirv.,     Vol.    XI.    p.    133. 

fU.  S.  Geol.  Surv.,   Prof.  Pap.  U,  p.  40. 
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10  mesh  grains  seems  to  add  greatly  to  the  ability  to 
withstand  sudden  changes  of  temperature;  ,  though  a 
highly  kaolinitic  mix  may  be  equally  good  at  the  begin- 
ning, and  is  possibly  more  enduring/' 

Terra  Cotta  Clays. — A  great  variety  of  clays  are 
used  to  make  terra  cotta.  The  most  common  clay  used. 
for  this  purpose  is  a  semi-refractory,  buflF-burning  clay 
that  will  give  a  dense  body  at  temperatures  from  2,250 
degrees  to  2,350  degrees  F.  The  color  of  the  body  is  of 
little  importance,  but  it  must  be  a  hard  body  at  the  tem- 
perature used'. 

Retort-Clays. — This  term  is  practically  the  same  as 
stoneware  clays. 

Sewer-Pipe  Clays. — Sewer  pipe  is  made  from  clays 
that  vitrify  at  temperatures  from  2,100  to  2,200  degrees 
F.,  burn  to  a  deep  red  body  and  have  low  fire  shrinkage. . 
Fine-grained  clays  or  shales  containing  much  iron  are 
used,  or  a  mixture  of  low-grade  fire-clay  Avith  shale 

Paving-Brick  Clays. — Same  materials  used  as  in 
the  manufacture  of  sewer-pipe;  impure  shales  are  most 
commonly  us(k1. 

Common-Brick  Clays. — Red-burning,  low-grade 
clays  that  will  mold  easily  and  bum  hard  at  tempera- 
tures below  2,000  degrees  F.,  are  used  to  make  common 
brick.  Almost  any  kind  of  clay  can  be  used  so  long  as 
it  will  burn  at  very  low  temperature. 

Pressed-Brick  Clays. — Pressed  brick  are  made  from 
clays  that  will  give  a  good  outline,  due  to  low  shrinkage, 
usually  buflf  in  color  and  of  a  refractory  or  semi-refrac- 
tory character.  It  is  very  essential  that  the  color  should 
remain  uniform  in  burning.  One  of  the  most  promising 
undeveloped  beds  of  this  kind  of  clay  is  to  be  found  at 
the  ** Chalk  Banks"  on  the  Mississippi  river,  about  two 
miles  below  Columbus,  Hickman  County,  Kentucky. 

Slip  Clays. — Slip-clays  are  those  that  fuse  at  low 
temperatures  and  give  a  greenish  or  brown  glaze.  The 
locality  from  which  most  of  the  slip-clay  comes  is  Al- 
bany, N.  Y. 

Paper-Clays. — Clays  are  used  in  the  raw  state  for 
making  paper.  They  must  be  white  and  free  from  grit ; 
the  imix)rted  wash  kaolins  are  much  used. 
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CHAPTER  3. 
CHEMICAL  PROPERTIES  OF  CLAY. 

Mineral  Composition  of  Clays. 

The  discussion  of  the  origin  of  clay,  in  the  preceding 
pages,  indicates  the  very  complex  mineralogical  charac- 
ter of  clays.  Clays  have  a  great  variety  of  minerals 
present,  especially  so  in  the  case  of  impure  ones.  The 
more  nearly  pure  clays  have  a  less  complex  character,  but 
never  a  definite  chemical  composition.  However,  a  pure 
clay  is  often  said  to  be  a  hydrated  silicate  of  alumina 
which  is  written  as  a  definite  formula  (AI2O3,  2Si02, 
2HoO),  being  the  mineral  kaolinite.  Some  clays  d'o  not 
conform  to  this  formula  although  consisting  chiefly  of 
alumina,  silica  and  water.  Wheeler*  says  that  the  mas- 
sive or  amorphous  variety  of  kaolinite  (called  pholerite) 
constitutes  the  body  or  essential  constituent  in  all  clays 
and  shales.  Other  minerals  are  more  or  less  thoroughly 
mixed  with  the  kaolinite  as  impurities.  These  smaller 
quantities  of  associated  minerals  are  among  the  follow- 
ing: quartz,  sand,  feldspar,  mica,  hornblende,  various 
forms  of  iron,  calcite,  dolomite^  garnet,  gypsum,  alum; 
organic  matter  etc.  Moisture  is  always  present.  If  the 
impurities  cause  easy  fusibility  a  small  i>ercentage  of 
these  may  make  the  clay  of  little  or  no  value,  while 
other  clays  with  a  high  percentage  of  non-detrimental 
foreign  matter  such  as  quartz  may  be  of  high  value. 

Character  of  ^Iinerals  and  Their  Influence. 

Kaolinite. 

Kaolinite  is  almost  infusible  when  pure  and  is  the 
predominating  mineral  in  the  purer  clays.  No  absolute 
pure  deposits  of  this  mineral  have  been  found',  but  the 
white-burning  deposits  of  kaolin  are  sometimes  nearly  so. 

Kaolin  usually  has  low  plasticity  and  a  tensile 
strength  of  from  five  to  fifteen  pounds  to  the  square 
inch.  Kaolinite  has  a  hardness  of  from  1  to  2.5,  a  specific 
gravity  of  2.4  to  2.6  and  a  perfect  cleavage  of  thin,  trans- 
parent crystallized  plates. 


♦Mo.    Geol.    Survey,    \o\.   XI,    p.   50. 
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Silica  or  Quartz. 

This  ie  one  of  the  non-detrimental  impurities  which 
may  be  present  in  the  form  of  sand ;  chemically  combined 
with  the  silicates  feldspar,  mica,  etc. ;  or  chemically  com- 
bined in  the  kaolinite.  This  variety  of  occurrences  in- 
dicates that  quartz  is  to  be  found  in  all  clays,  both  in 
residtial  and  sedimentary,  being  in  most  cases  finer  and 
more  rounded  in  the  \sedimentary  clays.  In  the  free 
condition,  as  sand,  the  silica  is  sometimes  visible*,  but 
usually  too  fine  to  be  seen,  in  which  case  it  may  be  de- 
tected by  grinding  it  between  the  teeth ;  sometimes  it  is 
too  fine  to  be  detected  by  the  taste. 

The  chemically  combined  silica  is  very  variable  in 
amount;  in  the  cajse  of  a  perfectly  pure  clay  where  the 
silica  is  combined  with  the  alumina  of  kaolinite,  it  con- 
stitutes 46.3  per  cent  of  the  alumina ;  or  39.3  per  cent,  if 
pholerite  is  the  base.*  The  amoimt  that  may  occur  chem- 
ically combined  with  such  silicates  as  feldspar,  mica^  etc., 
will  range  from  0.5  to  6.0  per  cent  in  high-grade  clays, 
from  5  to  12  per  cent  in  the  fair-grade  clays,  and  from 
10  to  25  per  cent  in  the  low-grade  clays.  The  quartz 
grains  may  be  so  abundant  ais  to  give  the  clay  the  appear- 
ance of  sand,  having  a  low  plasticity,  requiring  very  little 
water  to  mold  it  and  having  a  low  shrinkage.  This  low 
shrinkage  is  due  to  the  small  quantity  of  w^ater  required 
to  work  the  clay  up  to  the  plastic  paste ;  the  loss  of  this 
mechanically  mixed  water  causes  a  reduction  in  volume 
in  drying,  while  the  silica  has  no  influence  on  the  air- 
shrinkage;  the  greater  the  amount  of  sand  present,  the 
less  the  fire-shrinkage.  When  the  grains  of  quartz  are 
not  too  fine  the  clay  may  be  used  for  abrasive  purposes, 
as  in  certain  kind's  of  soap.  This  free  quartz  may  con- 
stitute 35  per  cent,  or  even  more,  of  the  clay,  but  usually 
from  one-fifth  to  one-third. 

Quartz  exerts  a  decided  influence  on  the  fusibility 
of  clay,  being  a  refractory  agent  at  low  temperatures, 
but  acting  as  a  flux  at  high  temperatures,  and  thus  de- 
creasing the  refractoriness,  hence  it  is  a  damaging  factor 
for  the  highest  refractory  clays. 


•Wheeler.    Mo.   Geol.    Survey.    Vol.   XI.    p.   53 
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Titanium  Dioxide. 

Small  quantities  of  titanium  dioxide,  TiO^,  are  found 
in  most  clays ;  the  quantity  varies  from  a  mere  trace  to 
a  little  over  one  7)er  cent.  This  titanic  acid  is  a  white 
compound  and  is  infusible.  While  large  quantities  present 
in  clay  would  act  as  a  flux  and  be  detrimental,  yet  the 
small  amount  that  actually  occurs  is  of  little  or  no  harm. 
Titanic  acid  owes  its  presence  in  the  clay  to  the  titani- 
ferous  iron  found  in  igneous  feldspathic  rocks  which  are 
the  parent  of  clays. 

Organic  Matter. 

Organic  matter  settles  in  the  clay  at  the  time  of  its 
deposition  or  comes  from  the  roots  of  plants  that  grow 
in  the  mud  that  later  formed  the  clay.  It  is  easily  burned 
out  and  has  very  little  effect  upon  the  clay  other  than 
influencing  the  original  color,  being  responsible  for 
nearly  all  the  colors  except  red,  brown,  yellow  and  green, 
which  colors  usually  are  imparted  by  iron.  The  colors 
given  by  organic  matter  may  disguise  the  presence  of 
iron. 

Moisture. 

Water  is  chemically  combined  to  the  ext-ent  of  nearly 
14  per  cent  in  kaolinite,  but  the  percentage  of  combined! 
water  in  most  clavs  is  much  lower,  being  anvwhere  from 
5  to  12  per  cent,  depending  upon  the  proportion  of  sand 
present.  This  moisture  is  all  driven  off  at  a  red  heat 
and  destroys,  permanently,  the  plasticity  of  the  clay.  We 
ishall  see  later,  under  the  question  of  plasticity,  that  this 
combined  water  is  not  what  gives  clay  its  plasticity. 

Besides  the  water  of  liydration,  there  may  l)e  a  great 
deal  of  water  mechanically  mixed  with  the  clay.  This 
moisture  will  evaporate  upon  air-drying  to  such  an  extent 
as  to  cause  the  clay  to  fei»l  perfectly  dry;  it  requires  a 
temperature  of  100  degrees  C.  to  drive  off  the  last  of  this 
mechanically  mixed  water. 

Mica. 

Mica  is  present  in  many  clays.  It  occurs  in  the  form 
of  thin  scales  or  spangles  that  can  be  seen  by  the  naked 

geo.  24 
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eye  because  of  their  being  very  bright.  Tlie  highly  mica- 
ceous clays  are  rarely  of  value  for  the  manufacture  of 
clay  ware.  All  of  the  several  species  of  mica  are  silicates 
of  alumina,  with  other  bases,  containing  from  4  to  12 
per  cent  of  potash  and  soda.  The  mica  is  always  in- 
cluded, by  the  commercial  chemist,  with  the  alkalies  in 
the  feldspar.  The  most  common  species  are  biotite  (black 
mica)  and  muscovite  (white  mica). 

Iron. 

Iron,  in  some  form,  is  usually  present  in  clays,  hav- 
ing a  marked  influence  on  both  color  and  fusibility.  The 
chemist,  in  giving  the  analysis  of  a  clay,  reports  two 
forms,  Ferric  Oxide  (FcoOg)  and  Ferrous  Oxide  (FoO). 

Ferric  Oxide. — This  form  is  represented  by  hema- 
tite, limonite,  mica  and  pyrite.  The  limonite  is  the  most 
common  of  these  forms  in  which  iron  occurs  in  clav  and 
gives  various  ishades  of  yellow^  and  brown.  Hematite  is 
not  so  commonly  present;  it  gives  the  reds  and  reddish 
bro\VTis  in  most  cases.  Pvrite  is  common  in  clavs  from 
the  coal  measures  and  is  objectionable  in  refractory 
clays  as  it  makes  black  fused  spots.  It  produces  a  varie- 
gated, unsatisfactory  color  in  most  cases. 

Ferrous  Oxide. — This  form  is  represented  by  sili- 
cates and  carbonates.  The  mineral  siderite  is  the  car- 
bonate of  iron  and  mav  occur  as  concretionarv  masses 
known  as  clay-ironstones,  or  as  crj^stalline  grains,  or  as 
a  film  coating  other  minerals  in  the  clay.  It  effer\'esces 
freely  in  warm  dilute  hydrochloric  acid,  giving  a  yellow 
solution.  Clays  containing  siderite  are  generally  of  a 
dark  color — blue  or  islate  gray.  If  not  oxidized  in  burn- 
ing, the  ferrous  compounds  produce  a  ware  of  a  dark 
gray  to  black  color;  with  slow  heating  in  the  presence 
of  air,  they  may  be  oxidized  into  ferric  salts  and  produ<5e 
colors  from  buif  to  brown  and  bright  red. 

These  ferrous  comix)unds  are  very  detrimental  on 
account  of  their  action  as  fluxes. 

Lime. 

Lime,  if  present  as  a  silicate,  is  detrimental  in  re- 
fractory clays  but  as  carbonate  or  sulphate  it  is  not  so 
fluxing.    It  has  a  tendency  to  neutralize  the  coloring  ac- 
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tion  of  iron.    Lime  is  present  in  feldspar,  ealcite  and  dolo- 
mite and  g}^psum. 

Feldspar. — Feldspar  is  almost  always  present,  along 
with  quartz,  in  clays.  It  is  a  hard  mineral,  having  a  pro- 
nounced cleavage  which  tends  to  cause  the  fragments  to 
break  off  in  flat  surfaces.  Orthoclase  feldspar  is  the 
most  common  form  and  is  usually  pink,  red  or  yellowish 
in  color;  the  clays  coming  from  granitic  rocks  contain 
this  form  of  feldspar.  The  next  most  common  form  is 
plagioclase  feldspar.  Feldspar  readily  weathers  and 
forms  clay,  especially  the  plagioclase  tjT>e. 

Calcite  and  Dolomite. — These  minerals  form  lime- 
stone when  massive,  and  are  extremely  abundant  in 
clays.  Calcite  is  the  carbonate  of  lime,  while  dolomite 
is  the  double  carbonate  of  lime  and  magnesia ;  the  latter 
is  less  commonly  found  in  clays.  Lime,  in  the  form  of 
concretions  of  these  minerals,  is  very  objectionable  since 
it  combines  \vith  the  free  silica  and  iron  to  form  fusible 
silicates. 

Gypsum. — Lime  occurs  as  a  sulphate,  in  gypsum,  in 
the  form  of  grains,  needles,  well-formed  crj^stals,  or  lam- 
ellar masses.  In  this  form  it  is  not  so  active  as  a  flux  as 
when  in  the  other  forms. 

Magnesia. — Magnesia  is  found  in  nearly  all  clays, 
ranging  from  a  mere  trace  up  to  over  6  per  cent.  It 
may  occur  as  a  carbonate,  as  in  dolomite ;  as  a  sulphate, ' 
as  in  epsom  salts;  or  as  a  silicate,  as  in  mica,  chlorite 
and'  hornblende.  Like  lime,  it  possibly  acts  as  a  decol- 
orizing agent  in  clays  containing  coloring  matter  in  the 
form  of  iron.  The  quantitv  is  usuallv  too  low  to  have 
a  marked  effect. 

Other  Minerals. — Other  minerals,  in  small  quanti- 
ties, occur  in  clays  and  sometimes  some  of  these  have 
a  coloring  action. 
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CHAPTER  IV. 

Physical  Properties  of  Clays. 

It  is  the  physical  properties  of  clays,  rather  than 
the  chemical  composition,  that  are  the  most  important 
factors  in  determining  the  uses  to  which  they  may  be 
suited.  While  a  chemical  analysis  sometimes  gives  pos- 
itive evidence  and  often  tells  what  color  the  burned  clay 
will  assume,  yet  there  are  times  when  the  analysis  is 
wholly  misl(»ading  as  to  the  value  of  a  clay.  There  are 
clays  of  very  different  chemical  composition,  yet,  de- 
spite this  wide*  variation,  each  may  be  admirably  adapted 
to  th(»  samc^  application  in  the  arts.  Again,  two  clays 
may  Jiave  nearly  the  same  chemical  composition,  and 
yet  not  be  at  all  eciually  apjjlicable  to  the  same  use. 

It  is  b(\st  to  t(»st  a  clay  physically  without  going  to 
the  chemist  at  all  unless  some  special  difficulty  is  met 
with  and  some  particular  information  is  required  as  to 
the  chemical  composition.  In  all  cases  the  chemical 
analysis  must  be  taken  merely  as  a  guide  pointing  to  the 
possible  uses  to  which  a  clay  can  be  placed,  then  this 
must  be  followed  up  by  the  physical  tests. 

In  determining  what  products  may  be  made  from  a 
clay,  it  is  necessary  to  examine  it  physically;  the  most 
important  of  these  physical  properties  to  be  determined 
are  as  follows: 

structure. 

Hardness. 

Color. 

Feel. 

Taste. 

Slacking. 

Plasticity. 

Tensile  Strength. 

Shrinkage. 

Rate  of  Drying. 

Fineness  of  Grain. 

Fusibility. 

Structure. 

The  method  of  mining  a  clay  deposit  and  the  cost 
thereof  will  be  greatly  influenced  by  the  structure  of  the 
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clay.  Likewise,  the  method  to  be  used  in  preparing  the 
clay  to  be  molded  and,  to  some  extent,  the  machinery 
to  he  used  will  be  influenced  by  the  structure  of  the  de- 
posit. These  questions  are  of  much  importance  in  the 
economic  working  of  a  clay  deposit,  hence  the  structure 
of  the  clay  as  it  occurs  in  the  bed  has  a  practical  bearing. 

Ordinarily  clay  is  massive,  or  structureless ;  it  is  an 
amorpJious  type  of  kaolinite  which,  in  the  impure  form  of 
ordinary  clay,  is  uncrystalline  in  structure.  Clay  mav 
occur  hi  such  structures  as  shales  where  the  materials 
have  been  subjected  to  pressure;  in  this  form  it  has  a 
leaf-like  structure.  It  may  occur  in  a  slaty,  a  laminated 
or  a  concretionary  structure.  Slates  have  been  subjected 
to  enormous  pressure  Avhich  has  changed  both  tlie  chem- 
ical composition  and  the  structure:  the  water  of  hydra- 
tion is  largely  expelled,  leaving  little  or  no  plasticity. 
The  laminated  structure  was  given  the  bed  during  its 
formation,  Avhereas  each  of  the  other  forms  represent 
subsequent  alterations.  The  flint  clays,  which  are  non- 
plastic,  have  a  conchoidal  fracture,  the  loess  clays  have 
a  pronounced  vertical  jointage,  and  the  fire  clays  and 
potters'  clays  are  usually  massive.  The  agent  most 
active  in  producing  these  various  structures  is  pressure. 

Hardness. 

Flint  clays  are  often  quite  hard  and,  because  of  this 
hardness,  break  with  a  shell-like  fracture  (conchoidal). 
They  reach  a  hardness  of  2.5  to  3.5  on  the  mineralogists^ 
scale.  Most  clays  are  much  softer  than  this,  ranging 
below  the  point  where  they  can  be  scratched  by  the 
thumb  nail,  say,  below  2.0  on  the  scale. 

The  importance  of  hardness  is  in  the  burned  clay 
where  it  gives  the  clay  products  power  to  resist  wear, 
abrasion  and  chemical  action.  When  clays  are  burned, 
the  hardness  and  strength  increases  very  rapidly  until 
the  maximum  is  reached  at  vitrification.  When  fully 
vitrified,  most  clavs  reach  a  hardness  that  will  scratch 
glass,  ranging  from  6.0  to  7.5  on  the  scale  of  hardness. 

Color. 

Clays  have  an  exceedingly  wide  range  of  colors, 
some  of  which  are  well  suited  to  paint-making;  these 
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natural  colors  range  all  the  way  from  pure  white  to  a 
dark  blue  (almost  black)  including  all  the  shades  of  red, 
yellow;  brown,  etc.  Like  hardness,  this  physical  prop- 
erty is  of  great  importance  in  the  burned  clay,  both  as 
to  its  value  and  use.  Upon  burning,  the  natural  color  is 
almost  always  changed  (the  exception  being  some  of  the 
white  clays)  and  the  range  of  colors  in  the  burned  clay 
is  not  as  wide  as  in  the  natural  material. 

Kaolin  deposits,  when  pure,  are  white,  but  are  often 
stained  red,  pink,  yellow  or  brown  by  iron.  Other  clays 
are  found  white,  but  this  does  not  necessarily  indicate 
the  absence  of  other  impurities  than  coloring  matter. 
Rocks  are  so  impregnated  with  iron  that  pure  white 
deposits  of  clay  are  rarely  met  with:  if  iron  is  absent, 
organic  matter  is  likely  to  be  present  in  the  clay  and  de- 
stroy its  white  color. 

Iron  in  some  form  is  responsible  for  the  greater 
part  of  the  red,  brown  and  buff  colors  in  clay,  the  more 
iron  present  the  deeper  the  colors  and  the  darker  the 
colors  produced  upon  burning.  The  gray  to  drab  colors 
are  usually  due  to  organic  matter,  which,  in  a  fine  state 
of  division,  is  disseminated  through  the  clay.  Organic 
matter  sometimes  gives  red  colors,  and,  if  present  in 
large  amounts,  it  produces  the  dark  slate  colors.  Or- 
ganic matter  is  easily  burned  out  without  damage  to  the 
clay  when  it  exposes  the  true  color  of  the  ware  which 
it  disguised  in  the  natural  state. 

The  natural  color  of  a  clay  will  not  be  a  reliable 
indication  of  the  color  to  be  expected  upon  burning,  as 
was  just  pointed  out  in  the  case  of  organic  matter  being 
present.  However,  if  the  natural  clay  is  given  a  red  or 
yellow  color  by  iron,  then  this  will  give  a  red  product  in 
all  probability;  other  coloring  agents  might  overbalance 
this — calcium  carbonate,  if  present  in  large  amounts, 
might  cause  the  clay  to  burn  a  buff  color.  In  burned  clay 
the  most  common  colors  are  reds,  browns,  buffs,  yellows 
and  white.  Only  by  an  actual  burning  test  can  these 
colorrs  be  determined  and  such  a  test  will  show  a  rani^e 
of  colors  at  different  temperatures  in  most  clays:  the 
color  will  change  as  a  clay  advances  from  a  low  to  a  high 
temperature. 


Kentucky  Geological  Survey  743 

Feel  and  Taste. 

Many  clays  have  an  unctions,  or  greasy  feel,  which 
is  most  pronounced  in  the  finer  clays.  The  non-plastic 
clays,  even  when  fine  and  pure,  lack  this  soapy  feel.  By 
the  feel  of  a  clay  some  idea  of  its  fineness  and  plasticity 
can  be  acquired.  Of  all  the  physical  properties  of  clays, 
plasticity  is  the  most  important,  and  this  can  be  deter- 
mined to  some  extent  in  the  field  by  the  feel.  If  the  clay 
has  a  harsh  or  rough  feel,  it  is  a  lean  (non-plastic)  clay, 
while  a  soapy  feel  would  indicate  a  fat  (plastic)  clay, 
which  could  be  mixed  with  water  and  shaped  into  desired 
forms  without  cracking. 

By  crushing  dry  clay  between  the  teeth,  the  plas- 
ticity and  the  presence  of  grit  can  be  determined;  if 
the  clay  is  allowed  to  remain  surrounding  the  teeth  for 
a  minute,  it  will  adhere  to  them  with  great  tenacity  in 
case  the  clay  is  fat;  but  if  the  clay  is  lean,  it  can  easily 
be  spit  out  of  the  mouth.  The  teeth  form  an  excellent 
means  of  detecting  grit  that  may  be  present  and  gives 
a  fair  approximation  of  the  size  of  grains.  The  taste 
will  show  the  presence  of  such  soluble  impurities  as 
epsom  salts,  alum,  sulphate  of  iron,  etc. 

Both  taste  and  feel  are  of  much  use  in  examining 
a  clay  and  will  give  a  fair  idea  of  plasticity,  fineness, 
grit  and  at  times  the  presence  or  absence  of  soluble  salts. 

Slacking. 

Slacking  is  that  property  possessed  by  all  clays  and 
most  shales,  of  separating  or  dissolving  into  small  par- 
ticles or  flakes  upon  being  immersed  in  water.  Some 
clays  swell  upon  being  wet  and  this  swelling  sometimes 
causes  trouble  in  maintaining  roadways  in  coal  mines 
having  such  a  clay  for  a  bottom.  After  swelling,  the  clay 
breaks  up,  more  or  less  rapidly,  into  small  particles  and 
crumbles  to  pieces;  these  pieces  then  disintegrate  into 
finer  and  finer  grains  and  flakes.  Fine-grain  clays  dis- 
integrate into  very  minute  particles,  slowly  peeling  off 
from  the  surface  until  the  whole  mass  is  slacked. 

The  rate  of  slacking  varies  widely  with  different 
grades  of  clay  and  shale ;  in  some  cases  prolonged  shak- 
ing in  water  is  required  to  cause  complete  disintegration. 
This  is  specially  true  of  very  hard  non-plastic  flint  clays. 
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Two  to  ten  minutes  is  about  all  the  time  required  for 
a  cube  one  inch  square  to  disintegrate,  in  most  cases. 
The  clay  must  be  air-dried  before  trying  to  slack  it. 

Slacking  is  of  much  importance  in  working  clays. 
The  more  rapidly  a  clay  will  take  up  water  and  disin- 
tegrate, the  quicker  it  can  be  worked  into  a  satisfactory 
paste.  Slacking  gives  a  means  of  determining  the  size 
of  grains  in  a  clay.  Rapid  slacking  aids  in  washing  a 
clay  since  tlie  fine  particles  can  easily  be  stirred  up  while 
allowing  the  coarser  ones  to  settle  to  the  bottom  and 
collect  there ;  the  fine  particles  of  clay  are  then  collected 
by  settling  in  another  tank. 

Clays  are  often  allowed  to  weather  for  long  periods 
before  being  worked  up  and  used.  Repeated  drying  and 
wetting  is  an  effective  agent  in  breaking  up  a  clay  and 
this  is  primarily  a  slacking  process  being  repeated  over 
and  over.  After  a  clav  is  thus  disintegi'ated  bv  weath- 
ering,  the  rains  have  opportunity  to  percolate  through 
the  mass  and  dissolve  out  and  carry  away  the  soluble 
impurities.  Thus  a  clay  exposed  to  the  weather  will  be 
somewhat  purified  and  rendered  more  homogeneous. 

Plasticity. 

When  most  of  the  clavs  are  thorou2:hlv  mixed  with 
the  right  ])roportion  of  wat^^r,  they  form  a  paste  that  en- 
ables them  to  l)e  shaped  into  desired  forms  and  regain 
these  forms  until  they  are  burned.  This  pro]>erty  is 
known  as  plasticity,  and  is  the  most  valuable  i)roperty 
that  a  clay  possesses.  There  have  been  many  theories  ad- 
vanced to  explain  this  property,  Init  each  remains  a 
theorv  and  is  of  no  value  to  the  clav  Avorker. 

These  various  theories  are  of  scientific  interest,  but 
they  have  not  reached  a  point  of  explaining  the  i^roperty 
of  plasticity  in  a  manner  that  has  any  usefulness  in  de- 
termining the  manner  of  controlling  this  property  in 
clay  working. 

Plasticity  can  be  determined  by  testing  a  clay,  but, 
so  far,  it  is  not  explained  satisfactorily.  Clay  is  about 
the  only  mineral  substance  that  possesses  much  jDlastic- 
ity.  A  plastic  clay,  when  properly  mixed  Avith  water  into 
a  paste,  can  be  shaped  into  almost  any  useful  or  orna- 
mental form  and  have  strength  enough  to  retain  a  deli- 
cate   form   until    the    fire    treatment  changes  it  into  a 
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stone-like  substance.  A  clay  that  is  lacking  in  plasticity 
(lean)  would  have  very  little  application  in  the  produc- 
tion of  common  clay  ware;  a  clay  containing  a  high 
amount  of  sand  would  be  low  in  plasticity.  A  great  range 
of  differing  degrees  of  plasticity  exists  in  clays  and 
no  hard  and  fast  rule  can  be  made  to  apply  to  this  prop- 
erty. It  is  usually  true  that  the  fine-grained  clays,  free 
from  grit,  are  the  more  plastic,  while  the  sandy  ones  are 
lean.  Among  the  kaolins  are  found  exceptions  since 
some  of  them  are  lean  although  exceedingly  fine-grained. 
A  plastic  clay  is  to  be  preferred,  not  only  because  of  the 
greater  ease  in  shaping  and  working  it,  but  because  it 
permits  the  use  of  more  grog  (flint,  burned  clay,  etc.) 
and  makes  much  stronger  ware. 

Water  must  be  mixed  with  a  clay  to  bring  it  into 
the  most  plastic  condition.  If  made  too  wet  they  work 
easily  but  do  not  retain  their  shape  so  well  after  the 
ware  is  formed;  if  a  low  quantity  of  water  is  used,  it 
becomes  difficult  to  work  them  up  to  a  uniform  condi- 
tion, but  they  retain  the  molded  shape  much  better  than 
if  wet  over  much. 

Wheeler*  states  that  the  highest  degree  of  plas- 
ticity in  a  coarse  clay  will  require  from  14.0  to  20.0' per 
cent  of  water  added  to  the  air-dried  material;  with  the 
fine  clays,  from  20.0  to  25.0  per  cent  is  needed;  while 
the  very  fine  clays,  as  the  kaolin,  often  require  25.0  to 
30.0  and  occasionally  35.0  per  cent  of  water.  The  writer 
finds  Ihat  some  clays  that  have  been  in  the  laboratory 
several  years,  and  thus  become  thoroughly  air-dried, 
require  over  40.0  per  cent  of  water  to  bring  them  to  their 
most  plastic  condition. 

The  following  table  shows  the  amount  of  water  re- 
quired to  produce  the  highest  degree  of  plasticity  in  the 
clays  of  Missouri! : 

Loess,  or  brick  clays  16.0  to  19.0  per  cent. 

Fire  and  potters'  clays  15.0  to  33.0 

Flint   clays    15.0  to  24.0 

Kaolins  18.0  to  35.0 

Shales :  14.0  to  25.0 


•Missouri    Geol.    Survey,    Vol.    XL,    p.    97. 
flbid,    p.   98. 
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The  percentage  of  water  required  to  give  the  max- 
imum plasticity  of  the  Kentucky  clays  is  given  in  each 
individual  case  in  the  following  pages. 

How  TO  Determine  the  Amount  of  Plasticity. 

Plasticity  has  not  been  satisfactorily  explained  or 
understood  and  there  is  no  uniform  or  standard  wav  of 
measuring  it.  The  usual  manner  of  working  a  clay  up  with 
water  and  determining  its  plasticity  by  handling  and 
molding  it  gives  no  definite  standard  to  go  by  except 
for  experienced  clay  workers. 

Several  w^ays  of  measuring  the  degree  of  plasticity 
have  been  suggested,  but  the  best  of  these  seems  to  be  by 
determining  its  tensile  strength. 

Tensile  Strength. 

T(»nsile  strength  is  the  property  of  a  clay  that  re- 
sists its  being  pulled  apart  when  thoroughly  air-dried. 

The  Kentucky  clays  herein  reported  upon  were  all 
ground  to  pass  through  a  20-mesh  sieve  (a  few  to  a  30- 
mesh  sieve)  and  mixed  with  enough  water  to  make  a 
plastic  paste:  this  paste  was  then  molded  into  tensjile- 
strength  briquettes  of  the  usual  form  used  in  testing 
cement.  The  clay  was  added  a  little  at  a  time  and  firmly 
pressed  with  the  thumb  imtil  the  mold  was  filled  and 
lieaped  up;  slow  filling  avoided  air  bubbles;  the  ball  of 
the  hand  was  then  used  to  press  the  clay  into  a  compact 
mass.  A  fine  steel  wire,  stretched  tight  in  a  frame,  w^as 
used  to  cut  off  the  surplus  clay  even  with  the  mold,  and 
the  briquette  slipped  out.  In  the  case  of  too  sticky  clays, 
the  mold  was  oiled  before  filling.  This  gave  a  bri(]uette 
wntli  a  square  inch  section  at  the  center  which  was  allowed 
to  dry  in  the  air  for  several  weeks.  Each  briquette  w^as 
numbered  by  using  the  sharp  point  of  a  drawing  pencil. 
When  fully  dried,  the  briquettes  w^ere  tested  in  a  small 
testing  machine  and  proper  correction  made  for  shrink- 
age; the  amount  of  correction  was  determined  by  the 
shrinkage  of  the  clay  as  determined  by  the  method  to  be 
described  under  the  heading  of  Shrinkage. 

Tensile  strength  is  a  very  important  property  of  a 
clay  for  two  reasons.  First,  a  clay  having  a  high  tensile 
strength  will  be  tough  enough  to  permit  the  green  ware 
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to  be  handled  without  breaking  or  losing  its  form,  and 
will  permit  the  ware  to  be  stacked  up  in  the  kiln  without 
crushing  that  at  the  bottom.  Second,  tensile  strength 
wall  give  a  fair  notion  of  the  degree  of  plasticity.  How- 
ever, there  are  marked  exceptions  to  the  rule  that  ten- 
sile strength  and  plasticity  are  related.  A  clay  low  in 
tensile  strength  may  be  very  plastic,  or  a  clay  that  is 
not  very  plastic  may  possess  a  high  tensile  strength. 

Shrinkage. 

When  a  clay  is  w^orked  into  a  paste  and  allowed  to 
air-dry,  it  contracts  (air-shrinkage)  and  when  burned  a 
further  contraction  (fire-shrinkage)  takes  place. 

AiR-SHRiNKAGE.  Air-sliriukage  is  due  to  the  evapora- 
tion of  the  water  used  to  make  the  paste.  The  water 
holds  the  particles  of  clay  substance  somewhat  apart, 
but  upon  evaporation  the  clay  grains  come  into  close 
contact  with  each  other  with  an  attending  reduction  in 
volume.  These  clay  grains  have  interstitial  spaces  even 
though  the  clay  is  very  dry  and  compact.  Upon  the  ad- 
dition of  water  these  spaces  are  filled,  the  grains  slightly 
separated  and  a  film  of  water  forms  between  the  parti- 
cles holding  them  apart  so  as  to  increase  the  volume: 
upon  drying,  the  reverse  action  is  brought  about,  pro- 
ducing shrinkage.  After  the  film  of  water  is  removed 
by  evaporation  so  as  to  allow^  the  particles  of  clay  to 
come  together  again,  air-shrinkage  ceases,  but  the  mois- 
ture is  not  all  removed.  To  drive  off  all  of  this  water, 
a  temperature  of  100  deg.  C.  must  be  reached  and  held 
for  some  time. 

Water  does  not  form  a  film  so  readily  in  a  coarse- 
grained clay  but  merely  fills  the  voids  between  the  grains, 
hence  coarse-grained  clays  shrink  but  little  upon  air- 
drying.  On  the  other  hand,  the  fine-grained  clays  have 
much  of  the  film  formed  and  suffer  a  correspondingly 
high  air-shrinkage.  The  fine-grained  clays  are  more 
likely  to  crack  and  check  in  drying  than  are  the  coarse- 
grained ones. 

The  rapidity  with  which  drying  may  be  done  is  of 
much  importance  since  it  will  be  a  factor  in  designing 
a  drying  plant.  By  the  addition  of  grog  (burned  clay 
or  sand)  clays  may  be  dried  more  rapidly  without  crack- 
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ing,  and  will  shrink  less.  This  is  due  to  the  same  cause 
that  allows  coarse-grained  clay  to  dry  more  rapidly. 

Fire-shrinkage.  When  clay  is  heated,  an  addi- 
tional slirinkage  takes  place  up  to  the  point  of  vitrifica- 
tion; this  is  known  as  fire-shrinkage.  This  varies  greatly 
in  different  clays  and  ranges  anywhere  from  2.0  to  20.0 
per  cent,  or  even  more.  Fire-shrinkage  begins  at  a  red 
heat,  1,200  deg.  to  1,400  deg.  F.,  and  reaches  its  maximum 
at  vitrification. 

Fire-shrinkage  is  due  to  several  things;  the  chem- 
ically combined  water  is  driven  off  (beginning  at  a  dull- 
red  heat) ;  the  organic  matter  contained  in  the  clay  is 
burned  out;  the  size  of  grains  has  an  influence;  also  to 
the  amount  of  volatile  substance  present  in  the  clay. 
Some  of  the  clay  substance  fuses  at  certain  temperatures 
and  flows  into  and  fills  the  pores  of  the  clay,  thus  caus- 
ing shrinkage.  On  the  other  hand,  quartz  has  a  tendency 
to  counteract  fire-shrinkage  and  in  many  cases  expan- 
sion is  caused  in  burning  at  certain  temperatures,  but 
all  clays  shrink  during  some  stage  of  burning. 

The  coars(»r  the  sand,  the  less  the  shrinkage — this 
holds  true  in  general  as  regards  the  size  of  gi-ain. 
Wheehr  says*:  **Tlie  most  potent  factor  in  influencing 
the  amount  of  fire-shrinkage  is  the  size  of  grain;  the 
finer  it  is  the  greater  the  shrinkage.  The  amount  of  lime 
and  magnesia  present  as  carlx)nate  is  very  important  in 
reducing  the  shrinkage,  which  influence  is  felt  when  they 
exceed  2.0  per  cent  and  increases  until  they  exceed  15.0 
per  cent,  when  the  shrinkage  is  eliminated.  As  they  are 
usually  present  as  silicate,  which  has  no  noticeable  in- 
fluence in  shrinkage,  they  do  not  often  have  to  be  con- 
sidered." 

The  Use  of  Grog.!  ''Since  manv  clavs,  when  used 
alone,  shrink  to  such  an  extent  as  to  cause  much  loss 
from  warping  and  cracking,  it  is  necessary  to  add  ma- 
terials which  of  themselves  have  no  fire-shrinkage,  and 
so  decrease  the  shrinkage  of  the  mixture  in  burning. 
Sand  or  sandy  clays  are  the  materials  most  commonly 
used  for  this  purpose,  but  ground  bricks  (grog),  and  even 
coke  or  graphite,  may  be  employed.  These  materials 
serve  not  only  to  decrease  the  shrinkage  in  drying  and 

•Missoure   Geol.   Su'\ey,    Vol.   XI,    p.   121. 
fClays,    by  Ries,    p.  332. 
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burning,  but  also  tend  to  prevent  blistering  in  an  easily 
fusible  ferruginous  clay  when  hard-fired.  They  further- 
more add  to  the  porosity  of  the  ware,  and  thus  facilitate 
the  escape  of  the  moisture  in  drying  and  in  the  early 
stages  of  burning,  as  well  as  enabling  the  product  to 
withstand  sudden  changes  of  temperature.  If  sand  is 
added  for  this  purpose,  it  may  act  as  a  flux  at  high  tem- 
peratures, and  this  action  will  be  the  more  intense  the 
finer  its  grain." 

'*  Large  particles  of  grog  are  undesirable,  especially 
if  they  are  angular  in  form,  because,  in  burning,  the  clay 
shrinks  around  them,  and  the  sharp  edges,  serving  as  a 
wedge,  open  cracks  in  the  clay,  which  may  expand  to  an 
injurious  degree.  Large  pebbles  will  do  the  same,  and 
at  many  common  brickyards  it  is  not  uncommon  to  see 
bricks  split  open  during  the  burning,  because  of  some 
large  quartz-pebbles  left  in  the  clay,  as  the  result  of 
improper  screening  of  the  tempering  sand.  For  common 
brick,  the  type  of  sand  used  does  not  make  much  differ- 
ence, as  long  as  it  is  clean ;  but  if  sand  is  to  be  added  to 
fire-brick  mixtures,  it  should  be  coarse,  clean,  quartz- 
sand.  Burned  clay-grog  is  more  desirable  than  sand  for 
high-grade  wares,  since  it  does  not  affect  the  fusibility 
of  the  clay,  or  swell  with  an  increase  of  temperature  as 
sand  does,  but  precaution  should  be  taken  to  burn  the 
clay  to  its  limit  of  shrinkage  before  using  it." 

Determining  the  Amount  of  Shrinkage.  —  The 
method  used  in  measuring  the  amount  of  shrinkage  of 
the  Kentucky  clays  reported  on  was  a>;  follows:  Each 
clay  was  ground  to  20-mesh  (some  to  30-mesh)  either 
by  hand  or  by  means  of  a  small  laboratory  jaw  crusher 
followed  by  rolls.  The  samples  were  thoroughly  dried, 
as  nearly  all  of  them  had  been  collected  several  years 
before  testing,  and  were  easily  ground  and  screened. 
The  clay  was  kneaded  by  hand,  using  a  known  amount 
of  water,  to  a  uniform  dough  or  paste.  The  proper 
consistency  and  uniformity  of  the  paste  Avas  judged  by 
the  feel.  The  paste  was  molded  by  hand  into  briquettes 
of  various  sizes,  ranging  from  1-4  inch  to  two  inches  in 
thickness.  The  molding  was  done  partly  by  throwing 
the  clay  onto  a  table  and  finished  by  the  use  of  a  stiff 
iron  table  knife.  Many  of  the  clays  were  used  in  a  small 
hand  press  and  made  into  small  bricks,  4x2x1-2  to  1  1-4 
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incJies,  under  a  fair  pressure.  A  line  was  cut,  by  the 
sharp  point  of  a  pocket  knife,  exactly  one  inch  in  length 
and  short  lines  cut  to  indicate  the  ends  of  this  one-inch 
line.  A  steel  scale,  graduated  into  hundredths  of  an 
inch,  was  used  for  all  measuring.  Some  of  the  test  pieces 
of  each  clay  were  dried  rapidly  in  a  drjdng  oven  while 
others  were  allowed  to  air-dry.  When  fully  dried,  the  line 
was  carefully  measured  to  the  hundredth  of  an  inch  and 
this  was  noted,  also  the  condition  of  the  dried:  piece  as 
to  cracking  or  warping.  The  lines  were  again  measured 
very  carefully  after  burning  to  vitrification  and  thus 
the  air- shrinkage  and  the  fire-shrinkage  determined. 

By  knowing  the  amount  of  shrinkage,  the  manu- 
facturer knows  what  size  his  ware  must  be  molded  so  as 
to  give  the  proper  size  when  burned.  Each  clay  must  be 
tested  for  shrinkage  under  the  same  conditions  of  fine- 
ness that  are  used  in  the  plant;  the  same  proportions  of 
water  must  be  used ;  and  the  clay  burned  as  in  the  manu- 
facture of  the  clay  products. 

High  shrinkage  limits  the  use  of  a  clay,  but  this  dam- 
aging quality  must  be  decreased  by  using  grog,  as  has 
just  been  pointed  out. 

Fusibility. 

All  clays  will  fuse,  or  change  from  a  solid  to  a  liquid 
condition,  if  subjected  to  a  sufficiently  high  temperature. 
The  temperature  at  which  different  minerals  will  fuse 
will  vary  greatly,  but  each  will  fuse  at  some  definite  tem- 
perature. The  fusion  point  of  a  mixture  of  minerals 
will  vary  greatly  with  the  proportions  of  each  present  in 
the  mixture,  and,  because  these  act  upon  each  other  as 
fluxes,  the  fusion  temperature  will  be  lower  than  the 
melting  point  of  some  of  the  mineral  in  it.  Clay  is  a 
heterogeneous  mixture  and  does  not  soften  at  once  in 
the  process  of  fusing  but  melts  slowly;  mineral  after 
mineral  fuses  until  the  whole  mass  softens  by  a  gradual 
process.  It  is  difficult  to  determine  just  what  influence 
one  mineral  has  over  another  in  the  process  of  fusion. 
It  is  a  common  practice  in  metallurgical  operations  to 
add  fluxing  material  in  order  to  lower  the  fusion  point. 
This  is  done  not  only  in  smelting,  assaying,  etc.,  but  in 
preparing  alloys  for  uses  that  demand  a  low  melting 
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point.  This  action  may  be  largely  chemical,  wholly  phy- 
sical, or  a  combination  of  both.  In  a  clay,  the  most  fusi- 
ble mineral  would  melt  first  as  the  temperature  is  grad- 
ually raised,  and  this  liquid  material  would  act  as  a  sol- 
vent and  fill  the  pores  of  the  solid  material.  Reactions 
would  continue  to  occur  until  all  the  constituents  of  the 
clay  become  fused. 

Besides  the  amount  of  fluxes,  Ries*  gives  the  follow- 
ing things  as  being  what  the  temperature  of  fusion  de- 
pends : 

1.  The  size  of  grain  of  the  refractory  and  non-re- 
fractory particles. 

2.  The  homogeneity  of  the  mass. 

3.  The  condition  of  the  fire,  whether  oxidizing  or 
reducing. 

4.  The  form  of  chemical  combination  of  the  ele- 
ments contained  in  the  clay. 

Size  of  Grain. — The  fine-grained  clays  fuse  more 
easily  than  the  coarse-grained  ones,  of  like  composition, 
because  of  the  more  intimate  contact  of  the  fine  grains 
and  partly  because  each  individual  grain  fuses  from  the 
surface  inward,  and  the  whole  grain  is  more  easily  fused 
if  it  is  small.  Tliis  alloAvs  the  fluid  to  pass  into  the  open- 
ings adjacent  to  it  more  rapidly  and  results  in  causing 
the  whole  mass  to  fuse  more  quickly. 

Homogeneity.* — ** Unless  the  particles  of  each  ele- 
ment or  compound  are  uniformly  distributed  through  the 
mass  they  will  not  produce  their  maximum  eflfect.  Few 
clays  as  they  occur  in  nature  are  perfectly  uniform  in 
composition. 

**It  is  sometimes  argued  from  this  that  in  testing 
clays  for  their  fusibility  it  is  necessary  to  render  them  as 
homogeneous  as  possible,  but  in  order  to  obtain  results 
of  practical  value  the  clay  should  not  be  mixed  and 
ground  up  any  more  than  it  would  be  for  the  particular 
class  of  clay  products  to  which  it  is  adapted.'' 

Conditions  of  Fire. — If  burned  in  the  presence  of 
abundant  oxygen  the  fusion  point  will  be  higher  than  if 
burned  in  a  reducing  atmosphere. 


•Clays,  by  Rles,  p.  127. 
*CIays,  by  Ries,   p.  144. 
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Stages  of  Vitrification. — A  clay  is  said  to  be  vitri- 
fied when  the  particles  have  melted  and  run  together  so 
as  to  form  a  glass-like  body.  This  glass-like  condition 
is  reached  long  before  the  clay  becomes  a  mobile  fluid, 
as  the  temperature  is  gradually  raised.  Wlieelerf  gives 
three  stages  as  follows: 

Incipient  Vitrification. — ^'On  heating  a  clay  be- 
yond red  heat  it  is  found  to  become  harder,  to  shrink,  and 
to  become  close-grained  as  the  temperature  is  increased. 
On  heating  it  still  farther,  a  point  is  reached  when  it 
becomes  very  hard,  attaining  a  hardness  of  6.0  to  6.5 
(easily  scratching  glass) ;  it  has  almost  completed  shrink- 
ing, it  has  become  very  strong,  and  the  individual  grains 
can  no  longer  be  recognized.  This  point  is  called  the 
point  of  incipient  vitrification.  While  the  clay  lacks  all 
signs  of  fusion  and  is  stiff  and  rigid  at  this  temperature 
it  shows  sufficient  flow  or  movement  of  the  particles  to- 
ward one  another  to  obliterate  individual  grains  and 
thereby  attains  greater  density,  as  it  has  a  decided  re- 
semblance to  being  vitrified." 

Complete  VrrRiFicATioN. — ^^On  heating  the  clay 
from  100  degrees  to  300  degrees  F.  above  this  point  of 
incipient  vitrification  the  density  is  still  further  in- 
creased, by  a  further  and  final  shrinkage;  the  hardness 
becomes  somewhat  greater,  or  from  6.5  to  7.0  (now 
scratching  quartz),  while  the  grains  are  not  only  com- 
pletely oJ3literated,  but  the  fracture  is  now  like  that  of 
china  or  vitrified  ware.  This  point  is  called  the  point 
of  complete  vitrification  and  the  clay  still  stiff  retains 
its  form  and  shape,  though  it  shows  greater  movement 
among  its  particles.'' 

Viscosity  or  Scoriaceous  Vitrification. — ''On  heat- 
ing the  clay  from  100  degrees  to  400  degrees  F.  still 
higher  the  clay  begins  to  warp  and  sag,  slightly  at  first 
but  more  rapidly  as  the  heat  is  increased,  and  to  swell 
or  blister;  while  on  breaking  it  is  found  to  be  more  or 
less  vesicular  and  scoriaceous.  This  point  is  called  the 
point  of  viscous  or  scoriaceous  vitrification,  as  the  par- 
ticles are  now  sufficiently  fluid  that  chemical  re-actions 
begin  wliicli  give  rise  to  gas  bubbles  that  cause  the  clay 
to  swell  and  give  it  the  vesicular  structure ;  and  although 


fMlssouri  Geol.  Survey,   Vol.  XI,   p.  130,   also  Clays,    by  Rles,   p.  138. 
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it  is  too  stiff  and  pasty  to  become  decidedly  liquid,  it  has 
attained  a  temperature  when  it  would  fail  in  all  the 
practical  applications  of  the  clay/' 

*^If  the  temperature  is  still  raised  higher,  the  ma- 
terial becomes  more  liquid,  and  finally  it  is  thin  enough 
for  the  gases  set  free  by  the  chemical  reactions  to  escape, 
and  it  then  resembles  so  much  slag.  It  is  now  said  to 
be  completely  fused  and  on  cooling  it  gives  a  dense,  com- 
pact, stony  or  vitreous  fracture ;  but  the  clay  would  have 
become  worthless  long  before  this  stage  of  liquidity  is 
reached',  so  that  the  idea  of  fusibility  in  this  sense  has 
no  value  to  the  clav-worker. ' ' 

Pyrometric  Cones. 

The  most  common  means  of  measuring  fusibility  is 
by  means  of  small  conical  test  pieces  which  have  a  given 
composition,  and  fuse  at  approximately  known  tempera- 
tures. These  pyrometric  cones  were  first  introduced  by 
Hermann  A.  Seger,  a  German  ceramist,  and  are  often 
called  Seger  cones.  The  composition  and  fusing  points 
of  these  cones  are  given  in  the  following  table  :* 


•Ries.     Bull.     New   York   Museum.     No.    85,    pp.    555-557,    also    copied   by 
Shedtl,    in  Clays  of  Washington,    pp.   80-83. 
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These  pyroinetric  cones  are  so  placed  with  the  clay- 
to  be  burned  that  they  can  be  watched  from  without  and 
their  behavior  observed.  They  are  not  used  so  much  to 
determine  a  certain  temperature  as  to  indicate  when  a 
certain  condition  of  burning  has  been  reached.  The  fol- 
lowinjQf  conclusions  have  been  given  by  Mr.  Samuel  Geijs- 
beek.* 

First.  That  Seger  or  pyrometric  cones  are  very  sen- 
sitive in  tlieir  melting,  according  to  a  slow  or  quick  fire 
and  that  they  will  melt  at  a  lower  temperature  in  a  long 
duration  of  firing  than  in  a  quick  one. 

Second.  That  the  Seger  or  pyrometric  cones  will 
melt  down  at  approximately  the  same  temperatures  in 
the  same  kiln,  if  used  under  the  same  conditions. 

Third.  That  cones  which  have  been  used  once,  and 
which  are  therefore  biscuited,  are  of  no  value  for  further 
use,  as  they  give  no  corresponding  results  with  new 
cones. 

Fourth.  That  the  diflference  or  rate  of  increase  be- 
tween the  melting  point  of  eacli  cone  and  its  succeeding 
number  is  not  constant  and  will  vary  in  some  cones  more 
than  in  otliers. 

Fifth.  That  Seger  or  pyrometric  cones  cannot  be 
used  to  determine  exact  temi>eratures,  as  their  melting 
points  are  sul>ject  to  various  changes,  and  therefore  any 
data  furnished  showing  their  melting  point  expressed 
in  degrees  of  heat  is  problematical. 

Professor  Ortonf  says,  *^ Unfortunate  as  it  is  that 
the  use  of  a  printed  scale  of  temperatures  was  ever 
started  in  connection  with  cones,  it  is  also  true  that  the 
confusion  which  would  ensue  if  the  idea  of  temperature 
were  wholly  abandoned  would  be  worse  than  the  trouble 
now  existing.  Anyone  who  uses  cones  regularly  for  a 
little  while  soon  learns  to  use  the  cones  by  numl>er.  and 
forgets  all  about  their  supposed  melting  points  in  the 
thermometric  scale." 

Riest  gives  the  following  numbers  as  repi^eeenting 
approximately  the  cones  used  in  the  different  branches 
of  the  clay- working  industry  in  the  United  States : 


•Trans.   Am.   Cer.    So.,    Vol.   XIV,    p.   867. 

flbid.  p.  898.    Cones  may  be  obtained  from  Prof.  Edward  Orton,  Colum- 
bus,  Ohio. 

JClays,    by  Hies,   p.  153. 
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Common  brick  012-01 

Hard  burned,  common  brick  1-  2 

Buff  front  brick 5-  9 

Hollow  blocks  and  fire-proofing  03-  1 

Terra  cotta  02-  7 

Conduits  7-  8 

White  earthenware  8-  9 

Fire   bricks    5-18 

Porcelain    11-13 

Ked  earthenware  010-05 

Stoneware  6-  8* 
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CHAPTER  V. 

Following  are  the  results  of  the  laboratory  tests  of 
the  clays  of  Kentucky,  arranged  according  to  counties. 
Except  where  otherwise  stated,  samples  were  collected 
by  members  of  the  Geological  Survey,  and  analyses  made 
by  the  surv^ey  chemist.  Geological  positions  are  given 
as  determined  bv  the  collector. 

Ballard  County. 

Clay  No.  73. — This  sample  of  gray  clay  and  lignite  is 
from  a  property  in  the  south  part  of  WickliflFe,  Ballard 
County,  Kentucky,  owned  by  the  Illinois  Central  Rail- 
road. The  section  here  is  as  follows : 

1.  Gray   clay   7  ft. 

2.  Lignite  2  ft. 

3.  Gray   clay    8  ft. 

The  geological  position  is  given  by  the  collector  as 
Lignitic  of  Tertiarv. 

CI?  » 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  gray,  both  wet  and  dry;  when  burned  it  l>e- 
came  a  greenish  yellow;  taste,  smooth  and  exceedingly 
fat,  also  free  from  grit;  texture,  soft,  fine-grained,  com- 
pact and  uniform. 

When  ground  to  30-mesh  and  mixed  with  28.0  per 
cent  of  water,  it  made  an  exceedingly  plastic  paste,  that 
stood  rapid  dr>'ing,  and  that  shrank  30.0  per  cent  in  dry- 
ing and  16.0  i>er  cent  more  in  burning,  giving  a  total 
shrinkage  of  26.0  per  cent.  The  air-dried  mud  showed 
a  tensile  strength  of  66  pounds  to  the  square  inch,  as  the 
average  of  eight  tests,  with  a  maximum  strength  of  89 
pounds. 

Incipient  vitrification  occurred  at  cone  01  (2,066  de- 
grees P.),  complete  at  cone  6  (2,282  degrees  F.).  It 
burned  to  a  hard,  comi>act  body  with  considerable  warp- 
ing when  in  thin  slabs. 

The  high  shrinkage  and  warping  of  this  clay  will 
somewhat  limit  its  usefulness. 

Clay  No.  15. — ^* Bluish  plastic  clay,  from  a  ravine 
near  the  road,  three  miles  east  of  Blandville,  Ballard 
County.  (This  is  on  the  Blandville  and  Lovelace  road, 
and  the  land  is  owned  by  Mr.  C.  Brown  and  Mrs.  Ellen 
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Linderraan,  on  the  north  and  south  sides  of  the  road  re- 
spectively. The  clay  extends  under  land  on  both  sides. 
The  deposit  is  covered  here  by  about  seven  feet  of  Brown 
Loam.) " 

**0n  drying,  it  is  of  a  light-grey  color  or  buflf;  con- 
tains no  coarse  sand.  Before  the  blow-pipe  it  fuses  with 
difficulty,  and  calcines  to  a  light-grey  color.  It  has  an 
observed  thickness  of  about  three  feet,  and  underlies  a 
thin  bed  of  red  sand.  (There  is  about  one  foot  of  gravel 
above  this  red  sand  and  recent  observations  show  the 
clay  to  be  at  least  seven  feet  thick.)  "* 

A  sample  of  this  clay  gave  the  following  results: 
Color,  very  light  gray,  both  wet  and  di*}^ ;  bunied  to  cone 
1  (2,102  degrees  F.),  the  color  is  nearly  white,  taking  on 
a  yellowish  tint  at  higher  temperatures.  Taste,  lean 
and  very  gritty.  Texture,  soft,  coarse-grained,  and 
compact.  When  disintegrated  by  prolonged  shaking  in 
water,  a  small  quantity  of  detritus  remained  upon  the 
100-mesh  sieve. 

Ground  to  20-mesh  and  mixed  with  25.0  per  cent  of 
water,  it  made  a  fairly  plastic  paste  that  stood'  rapid 
drying,  and  that  shrank  4.0  per  cent  in  drying  and  6.0 
per  cent  more  when  burned  to  cone  9  (2,390  degrees  F.), 
giving  a  total  shrinkage  of  10.0  per  cent.  The  average 
tensile  strength,  as  shown  by  five  air-dried  test  pieces, 
was  36.5  pounds  to  the  square  inch,  with  a  maximum 
strength  of  41.7  pounds. 

No  vitrification  was  shown  at  cone  9  (2,390  de- 
grees ¥). 

This  is  a  refractory  clay  that  would  be  valuable  for 
the  manufacture  of  stoneware,  but  it  lacks  sufficient  plas- 
ticity and  touglmess  to  permit  its  being  turned  on  a  pot- 
ter's wheel,  hence  a  more  plastic  clay  would  be  needed 
to  mix  with  it  in  order  to  provide  the  proper  physical 
properties. 

Clay  No.  39. — Refractory  white  clav,  from  one-half 
mile  northwest  of  Bland vi lie,  Ballard  county.  It  is  quite 
plastic,  contains  no  appreciable  coarse  sand.  It  is  fusi- 
ble before  the  blow-pipe,  and  calcines  white. 

This  property  is  now  (1905)  owned  by  Mrs.  Addie 
Marshall,  of  Blandville,  Ky.   The  land  is  adjacent  to 


•Ky.  Geol.  Surv.  Bull.  No.  6,   p.  96. 


760  First  Annual  Report 

Blandville  on  the  north  and  the  clay  exposure  is  on  Ful- 
ton Branch.    The  section  here  is  as  follows : 

1.  Loam  10  ft. 

2.  Lafayette  Gravel  (Stratified  Drift)  50  ft. 

3.  Stratum  of  limonite ^  in. 

4.  Grey  clay  15  ft.  (f) 

A  sample  of  this  clay,  gave  the  following  character- 
istics :  Color,  yellowish  gray  to  gray ;  mixed,  the  color  is 
gray;  burned  to  cone  1  (2,102  degrees  F.),  the  color  is 
pale  yellow  with  reddish  tints,  becoming  a  pale  cream  at 
higher  temperatures.  Taste,  very  fat,  with  some  fine 
grit.  Texture,  soft,  fine-grained,  rather  compact.  When 
disintegrated  by  prolonged  shaking  in  water,  no  detri- 
tus remained  upon  the  100-mesh  sieve:  very  easily  dis- 
integrated. None  of  the  limonite  was  used  in  the  mix- 
ture tested. 

When  ground  to  20-mesh  and  mixed  with  24.0  per 
cent  01  water,  it  made  a  very  plastic  paste  that  stood 
rapid  drying,  and  that  shrank  3.0  per  cent  in  drying  and 
2.0  per  cent  additional  in  burning  to  cone  7  (2,318  deg. 
F. ) ,  giving  a  total  shrinkage  of  5.0  per  cent.  The  tensile 
strength  of  the  air-dried  mud,  as  shown  by  the  average 
of  six  tests,  was  63.7  pounds  to  the  square  inch,  with  a 
maximum  strength  of  72  pounds.  Incipient  vitrification 
occurred  at  cone  6  (2.282  deg.  F.),  and  nearly  complete 
at  cone  11  (2,462  deg.  F.).  It  burned  to  a  hard,  compact 
body  free  from  warping. 

This  is  a  high-grade,  semi-refractory  clay  and  should 
have  much  commercial  value. 

Clay  No.  13.  River  Lot  No.  4,  in  the  northeast  part 
of  Wickliffe,  Ballard  county.  Here  there  is  a  deposit 
of  gray,  plastic  clay  giving  the  following  section : 

1.  Loam  and  Loess  10-30  ft. 

2.  Gravel    (Lafayette)    3-10  ft. 

3.  Grey,  plastic  clay  20  ft. 

This  clay  property  is  owned  by  a  company  com- 
posed of  Dr.  N.  L.  Rogers,  Dr.  J.  C.  Boone,  Mr.  Augustus 
Keppner,  and  Mr.  J.  H;  Thorp.* 


flbid.   p.   93. 

•Ky.  Geol.  Surv.  Bull.  No.  6,   p.  94. 
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A  sample  of  this  clay  gave  the  following:  Color, 
gray  with  yellow  portions,  when  ground  the  color  was 
yellowy  both  wet  and  dry;  when  burned  to  cone  1  (2,102 
deg.  F.)  the  color  was  reddish-yellow,  becoming  cream 
at  cone  6  (2,282  deg.  F.)  and  pale  yellow^  at  higher  tem- 
peratures. Taste,  lean  and  very  gritty.  Texture,  sandy, 
massive  and  coarse-grained.  AVhen  disintegrated  by 
prolonged  shaking  in  water,  practically  no  detritus  was 
left  on  the  100-mesh  sieve. 

When  ground  to  20-mesh  and  mixed  with  22.0  per 
cent  of  water,  it  made  a  fairly  plastic  to  lean  paste  that 
shrank  7.0  per  cent  in  drying  and  3.00  per  cent  addi- 
tional in  burning,  giving  a  total  shrinkage  of  10.0  per 
cent.  Briquettes  of  the  air-dried  mud  have  an  average 
tensile  strength  of  115.6  pounds  to  the  square  inch  with 
a  maximum  of  145.1  pounds.  This  average  was  obtained 
by  six  tests. 

At  cone  9  (2,390  deg.  F.)  there  was  very  little  indi- 
cation of  vitrification. 

This  clay  is  used  at  the  Wickliffe  Pottery. 

Clay  No.  6.  This  clay  occurs  about  one  mile  north- 
east of  Blandville,  Ballard  county.  The  bed  is  ten  feet 
thick  and  lies  beneath  42  feet  of  gravel  and  loam. 
Geological  position,  Wilcox  Formation,  Eocene  Series, 
Tertiary  System. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  nearly  white  when  dry,  becoming  gray 
when  wet;  when  burned  to  cone  1  (2,102  degrees  F.), 
the  color  was  nearly  white,  but  turned  to  cream  at  higher 
temperatures  and  remained  so  at  cone  9  (2,390  degrees 
F.).  Texture,  soft,  and  fine-grained  leaving  no  detritus 
on  the  100-mesh  sieve  after  disintegration  by  prolonged 
shaking  in  water. 

When  ground  to  20-mesh  and  mixed  with  26.0  per 
cent  of  water,  it  made  a  very  i)lastic  paste  that  shrank 
7.0  per  cent  in  drying  and  5.0  per  cent  more  when  burned 
to  cone  9  (2,390  degrees  F.),  giving  a  total  shrinkage  of 
12.0  per  cent.  It  stands  rapid  drying  but  warps  some- 
what in  burning.  The  tensile  strength,  as  shown  by  the 
average  of  fourteen  tests,was  112  pounds  to  the  square 
inch,  the  maximum  being  130  pounds.  Incipient  vitrifi- 
cation occurred  at  cone  7  (2,318  degrees  F.),  and  nearly 
complete  at  cone  9  (2,390  degrees  F.). 
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This  is  a  good  clay  and  will  make  beautiful  face 
brick. 

Clay  No.  3.  Yellow  ochre,  from  the  Harkless  place, 
immediately  north  of  Wickliffe,  Ballard  county.  On  cal- 
cining, it  became  a  handsome  Venetian  red  color,  and 
fuses  before  the  blow-pipe  into  a  blackish  mass.  (Found 
also  on  John  Rothrock's  place.    Thickness,  six  feet.) 

Composition  of  the  Ochreous  Clays  of  Ballard  County. 

Silica   44.840 

Alumina  22.831 

Iron  peroxide  20.350 

Lime  0.101 

Magnesia  0.138 

Water,  etc 11.740 

Total lOO.OOOC*) 

The  bed  is  from  seven  to  twelve  feet  thick  and  un- 
derlaid by  two  and  one-half  feet  of  lignite,  with  dark 
drab  clay  below  the  lignite.  (The  drab  clay  is  clay  No. 
2  in  this  volume.)  Geological  position.  Base  of  La- 
fayette. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  yellow  both  wet  and  dry;  when  burned  to 
cone  1  (2,102  degrees  F.),  the  color  was  light  red,  be- 
coming dark  red  up  to  cone  7  (2,354  degrees  P.),  and 
then  a  gun  metal  blue  at  cone  9  (2,390  degrees  F.).  Taste, 
lean  and  very  gritty.  Texture,  sandy  and  coarse- 
grained containing  a  considerable  quantity  of  rock-like 
particles  which  w^ere  exceedingly  difficult  to  disintegrate 
by  prolonged  shaking  in  water. 

When  ground  to  20-mesh  and  mixed  with  23.0  per 
cent  of  water,  it  made  a  slightly  plastic  paste,  that 
shrank  2.5  per  cent  in  drying  and  none  in  burning,  giv- 
ing a  total  shrinkage  of  2.5  per  cent.  Incipient  vitrifica- 
tion occurred  at  cone  9  (2,390  degrees  F.).  It  stood  rapid 
drying.  The  tensile  strength,  as  shown  by  the  average 
of  four  tests,  was  70  pounds  to  the  square  inch,  with  a 
maxinmm  strength  of  80  pounds. 

This  is  a  good  clay  for  such  purposes  as  the  manu- 
facture of  drain  tile. 


♦Ky.   Geol.   Surv..    Bull.   No.   6.    p.   UA. 
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Clay  No.  2.  This  clay  represents  the  dark  drab  clay- 
under  the  lignite  mentioned  in  connection  with  Clay 
No.  3. 

The  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  light  drab  when  dry  and  darker  drab 
when  wet;  when  burned  to  cone  1  (2,102  degrees  F.), 
the  color  was  pale  yellow,  becoming  a  grayish-yellow  at 
higher  temperatures.  Texture,  soft,  fine-grained;  when 
disintegrated  by  prolonged  shaking  in  water,  much  lig- 
nite particles  were  caught  on  the  100-mesh  sieve,  but 
no  grit.    Taste,  fat,  almost  free  from  grit. 

When  ground  to  20-mesh  and  mixed  with  32.0  per 
cent  of  water,  it  made  a  very  plastic  paste  that  shrank 
7.0  per  cent  in  drying  and  a  like  amount  in  burning,  giv- 
ing a  total  shrinkage  of  14.0  per  cent.  It  stood  rapid 
drying.  The  tensile  strength,  as  shown  by  two  tests, 
was  112.8  pounds  to  the  square  inch,  both  tests  giving 
the  same  result.  Incipient  vitrification  occurred  at  cone 
6  (2,282  degrees  F.),  complete  at  cone  8  (2,354  de- 
grees F.). 

This  is  a  fair  quality  of  pale  yellow  burning  clay. 

Clay  No.  4.  A  mixture  of  equal  weights  of  Clay  No. 
2  and  Clay  No.  3  gave  the  following  results:  Color,  yel- 
lowish brown  when  dry  and  dark  yellow  when  wet;  when 
burned  to  cone  1  (2,102  degrees  F.),  the  color  was  yel- 
lowish red,  becoming  a  yellowish-tinted  brown  with 
black  spots  at  cone  9  (2,390  degrees  F.). 

When  ground  to  20-mesh  and  mixed  with  24.0  per 
cent  of  water,  it  made  a  fat  paste,  that  shrank  6.0  per 
cent  in  dr^-ing  and  4.0  per  cent  more  in  burning,  giving  a 
total  shrinkage  of  10.0  per  cent.  It  stood  rapid  drying. 
Tensile  strength  (one  test  only)  was  122.3  pounds  to 
the  scjuare  inch.  Vitrification  nearly  complete  at  cone  9 
(2,390  degrees  F.). 

Clay  No.  1.  The  William  Henderson  Place,  one 
mile  northeast  of  Wickliflfe,  near  the  Wickliflfe  and  Bar- 
low road.  Here  there  is  a  deposit  of  clay  showing  the 
following  exposure : 

1.  Gravel    (Lafayette)    3  ft.  (HIU,  30  ft.) 

2.  Ochreous   clay   2  ft. 

3.  Lignitic    clay    10  in. 

4.  Grey,  plastic  clay  7  ft. 
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This  exposure  is  at  the  base  of  a  hill  about  thirty 
feet  high  and  appears  to  be  quite  extensive  horizontally 
as  well  as  vertically.  The  deposit  continues  on  the  prop- 
erty of  Mr.  B.  F.  Billington  on  the  west.* 

The  sample  of  this  clay  gave  the  following  charac- 
teristics :  Color,  very  light  gray,  both  w^et  and  dry ;  when 
burned,  the  clay  was  white  at  all  temperatures.  Taste, 
slightly  fat  and  gritty.  Texture,  soft  and  fine-grained; 
when  disintegrated  by  prolonged  shaking  in  water,  very 
little  detritus  remained  on  the  100-mesh  sieve. 

When  ground  to  20-mesh  and  mixed  with  29.0  per 
cent  of  water,  it  made  a  rather  fat  paste  that  shrank 
5.0  per  cent  in  drying  and  alike  amount  in  burning, 
giving  a  total  shrinkage  of  10.0  per  cent.  The  tensile 
strength,  as  the  average  of  five  tests,  was  52.6  pounds 
to  the  square  inch  with  a  maximum  strength  of  55 
pounds.  Incipient  vitrification  occurred  at  cone  11 
(2,462  degrees  F.).  This  is  an  excellent  white-burning 
clay. 

Clay  No.  5.  Clay  from  Mr.  Samuel's  farm,  four 
miles  south  of  Blandville,  Ballard  county.  (This  farm 
is  on  the  Bardwell  and  ^*Eose  Cross-Roads"  road,  and 
is  at  present  (1905)  owned  by  Mr.  W.  Z.  T.  Smith. 

A  section  of  the  deposit  follows : 

1.    Soil  1    ft. 

2.  Loam  2%-5     ft. 

3.  Gravel   2    ft. 

4.  Iron  layer   (limonite)   1    in. 

5.  Grey,  plastic  clay  ....: 4+ft. 

This  clay  exhibits  minute  spangles  of  mica  under 
the  lens;  heated  before  the  blow-pipe,  it  becomes  first 
dark  colored,  then  burns  white.  (There  is  about  one 
hundred  and  sixty  acres  of  land  underlaid  by  the  deposit 
as  shown  by  outcrops.)*  Geological  position.  Base  of 
Lafayette. 

A  sample  of  this  gray,  plastic  clay  gave  the  follow- 
ing characteristics:  Color,  brownish  gray  when  dry, 
dark  gray  to  brown  when  wet;  when  burned  to  cone  1 
(2,102  degrees  F.),  the  color  was  grayish  white  and  re- 


*Ky.   Geol.   Surv.,    Bull.   No.   6,    p.   94. 
*Ky.  Geol.  Surv.,   Bull.  No.  6,   p.  95. 
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mained  so  at  all  higher  temperatures.  Taste,  fairly  fat 
with  some  grit.  When  disintegrated  by  prolonged  shak- 
ing in  water,  a  small  quantity  of  clear,  sharp  quartz 
grains  were  caught  on  the  100-mesh  sieve. 

When  ground  to  20-mesh  and  mixed  with  23.0  per 
cent  of  water,  it  made  a  fairly  plastic  paste,  that  stood 
rapid  drying,  and  shrank  5.0  per  cent  in  drying  and  2.0 
per  cent  more  in  burning,  giving  a  total  shrinkage  of 
7.0  per  cent.  The  tensile  strength,  as  shown  by  the  aver- 
age of  eight  tests,  was  76.9  pounds  to  the  square  inch, 
with  a  maximum  strength  of  89.4  pounds.  Incipient  vit- 
rification occurred  at  cone  7  (2,318  degrees  F.),  and 
nearly  complete  at  cone  9  (2,390  degrees  F.).  This  is 
a  good  grade  of  nearly  white-burning  clay. 

The  analysis  of  this  clay,  made  for  the  Survey  by 
the  Kentucky  Agricultural  Experiment  Station,  is  as 
follows : 

Chemist's  No.  2666. 

Per  cent. 

Moisture   1.78 

Ignition  (combined  water  and  volatile  matter)  9.37 

Silica   60.44 

Alumina  22.69 

Ferric  oxide 1.65 

Lime    0.34 

Magnesia  0.06 

Potash  0.91 

Soda  0.22 

Titanium  dioxide  1.40 

•  Sulphur  trioxide  tr. 

Total  98.86 

liATH  County. 

Clay  Xo.  159.  (Chemist's  No.  3,r>02).  Flint  clay 
sent  l)y  Mr.  F.  J.  Piscliel,  of  Salt  Lick,  Bath  County, 
Kentucky. 

TJie  sample  consisted  of  a  rather  large  sized  hand 
specimen  of  dark  gray  flint  clay,  very  hard  and  compact, 
apparently  free  from  grit,  breaks  with  a  conchoidal  frac- 
ture, some  ferruginous  coating  on  the  weathered  face. 
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Analysis  of  Air-dried  Sampie: 

Per  cent. 

Moisture  at  100°  C : 1.02 

Combined  water,  etc 13.78 

Silica  42.76 

Alumina   39.60 

Ferric   oxide    0.96 

Calcium    oxide    0.12 

Magnesium   oxide   tr. 

Potassium    oxide    0.57 

Sodium   oxide   0.13 

Titanium    dioxide    0.80 

Sulphur   trioxide   tr. 

Total   99.47 

The  analysis  shows  that  this  is  a  good  quality  of 
flint  clay.  It  should  be  quite  refractory  in  the  fire. 

The  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  dark  gray;  burned  to  a  creamy  white. 
Taste,  lean  and  very  gritty.  When  ground  to  20-mesh  and 
mixed  with  21.0  per  cent  of  water,  it  made  a  paste  very 
low  in  plasticity,  that  shrank  almost  none  in  drying  and 
10.0  ])er  cent  in  burning  to  cone  9  (2,390  degrees  F.). 
The  air-dried  mud  showed  an  exceedingly  low  tensile 
strength.  Incipient  vitrification  occurred  at  cone  6 
(2,282  degrees  F.),  complete  at  cone  11  (2,462  degrees 
F.).    This  is  a  semi-refractory  clay  of  fair  quality. 

Breathitt  County. 

Clay  No  154.  Fire  clay  from  Shack  Branch,  about 
one  mile  above  Guage,  on  the  right  side  of  Quicksand 
creek,  Breathitt  county.    This  olay  is  over  the  Dean  coal. 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  pinkish  yellow;  burned  to  a  greenish  yellow. 
Taste,  very  hard  and  gritty.  When  ground  to  20-mesh 
and  mixed  with  24.0  per  cent  of  water,  it  made  an  ex- 
ceedingly lean  paste,  that  shrank  none  in  drying  and  5.0 
per  cent  in  burning  to  cone  11  (2,462  degrees  F.).  It 
dried  to  a  crumblv  bodv,  almost  whollv  wanting  in  ten- 
sile  strength.  Vitrification  was  practically  complete  at 
cone  11  (2,462  degrees  F.).  It  burned  to  a  rather  porous 
body. 
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This  is  a  semi-refractory  clay  that  will  make  a  pretty 
buflf-eolored  pressed  brick. 

Breckinridge  County. 

Clay  No.  86.  (Chemist's  No.  3,130.)  Clay  from 
40-foot  bed,  Chester  marl  at  Stephensport,  Breckinridge 
county. 

Sample  consisted  of  several  pounds  of  red  shaley 
material  containing  considerable,  iron  oxide  and  small 
amounts  of  carbonate. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  4.03 

Combined  water  2.70 

CO,  5.93 

SiO,  49.30 

AUG,  19.36 

Fe,0,  7.60 

FeO  0.70 

CaO  2.18 

MgO  2.17 

KjO  4.93 

Na,0  0.04 

TiO,  0.40 

SOa none 

P2O5 none 

Total  99.36 

Should  make  vitrified  brick. 

A  sample  of  this  clay,  gave  the  following  character- 
istics: Color,  brown;  burned  dark  red  at  cone  1  (2,102  de- 
grees F.),  and  verj^  dark  red  at  higher  temperatures. 
Taste,  lean  and  rather  free  from  grit.  When  ground  to 
20-mesli  and  mixed  with  18.0  per  cent  of  water,  it  made 
a  lean  paste,  that  .stood  a  fair  rate  of  drying  and  that 
shrank  5.0  per  cent  in  drj^ng  and  a  like  amount  in  vitri- 
fying, giving  a  total  shrinkage  of  10.0  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  69  pounds 
to  the  square  inch,  with  a  maximum  strength  of  94.7 
pounds.  Complete  vitrification  occurred  at  cone  2  (2,138 
degrees  F.).    This  is  a  drain  tile  and  common  brick  clay. 
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Clay  No.  85.  (Chemist's  No.  3,131.)  Chester  marl 
from  Buffalo  Wallow,  Breckinridge  county.  Bed  about 
twenty  feet  thick.  The  sample  consisted  of  dark  gray 
marl.  Contained  carbonates,  and  fusible  in  the  blow- 
pipe flame. 

Analysis  of  Air-Dried  Sample. 

Per  cent 
Combined   water  5.86 

Moisture  3.04 

CO,  1.51 

SiO,  58.00 

AUO3  15.06 

FeaOa  7.36 

FeO  0.50 

CaO  2.36 

MgO   2.69 

K,0  3.28 

Na,0  0.64 

TiOa   0.50 

SO3   tr. 

PsOj  none 

Total    100.80 

Ratio  of  Iron  and  Alumina  to  Silica,  2.53.  This 
should  answer  as  a  material  for  making  Portland  Ce- 
ment, though  the  potash  is  a  little  high  and  the  ratio  at 
the  low  limit. 

A  sample  of  this  clay,  gave  the  following  character- 
istics: Color,  green;  burned  to  dark  red  at  cone  1  (2,102 
degrees  F.),  and  to  a  dark  brown  at  higher  temperatures. 
Taste,  lean  and  somewhat  gritty.  When  ground  to  20- 
mesh  and  mixed  with  20  per  cent  of  water,  it  made  a  lean 
paste  that  required  slow  drying  and  that  shrank  7.5  per 
cent  in  dtying  and  10.0  per  cent  more  in  vitrifying,  giv- 
ing a  total  shrinkage  of  17.5  per  cent.  The  air-dried  nmd 
showed  a  tensile  strength  of  120  pounds  to  the  square 
inch,  as  the  average  of  ten  tests,  with  a  maximum  strength 
of  141  pounds.  Incipient  \atrili cation  occured  below 
cone  1  (2,102  degrees  F.),  complete  at  cone  4  (2,210  de- 
grees F.),  and  partially  viscous  at  cone  6  (2,282  degrees 
F.).  This  clav  will  do  for  the  manufacture  of  common 
brick  and  tile. 
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Calloway  County. 

Clay  No.  113.  Yellow  clay  one-half  mile  south  of 
Murray,  Calloway  county.  Overlaid  by  ten  feet  of  La- 
fayette  gravel  which  has  a  thickness  of  twenty-five  feet. 
This  gravel  is  used  for  hallast.  About  ten  feet  of  the  clay 
is  exposed  at  the  south  cut.  Property  owmed  by  the 
N.  C.  &  St.  L.  R.  R.  Sample  consisted  of  rather  large 
sized  lumps  of  yellow  clay  somewhat  banded  by  white 
clay.     Fusible  in  blow-pipe  flame. 

Analysis  of  An  Air-dried  Sampie: 

Per  cent. 

Moisture  at  100"  C 3.33 

CombiDed    water 8.08 

Silica 60.72 

Alumina  14.06 

Ferric    oxide 11.07 

Ferrous  Oxide 0.29 

Calcium    oxide 0.14 

Magnesium    oxide    1.08 

Titanium    dioxide    0.40 

Potassium    oxide    1.50 

Sodium   oxide   0.06 

Total  100.73 

Ratio  of  Silica  to  Iron  and  Alumina 2.39 

The  chemist  remarked  as  follows:  **The  analysis 
shows  that  this  clay  could  probably  be  used  in  making 
brick  or  terra  cotta." 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  bright  yellow;  burned  dark  red.  Taste, 
very  fat  and  free  from  grit.  Texture,  soft,  fine-grained. 
When  ground  to  20-mesh  and  mixed  with  a  great  quan- 
tity of  water,  75.0  per  cent,  it  made  a  very  plastic  paste, 
that  stood  rapid  drying,  and  that  shrank  8.0  per  cent  in 
drying  and  19.0  per  cent  more  when  burned  to  cone  9 
(2,390  degrees  F.),  giving  a  total  shrinkage  of  27.0  per 
cent.  The  air-dried  mud  showed  a  tensile  strength  of 
69  pounds  to  the  square  inch.  Incipient  vitrification  oc- 
curred at  cone  7  (2,318  degrees  F.),  complete  at  cone  11 
(2,462  degrees  F.).  The  clay  burned  to  a  good  body  but 
warped  considerably.     This  is  a  semi-refractory  clay, 

geo.  25. 
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It  has  a  yellow  color  that  should  be  well  suited  to  the 
manufacture  of  mineral  paint. 

Clay  No.  97.  (Chemist's  No.  3139.)  A.  B.  Ed- 
wards  clay,  near  Mayfield  and  Murray  Eoad,  about  eight 
miles  northwest  of  Murray,  Calloway  county.  Geolog- 
ical position,  Base  of  Tertiary.  Thickness,  five  feet 
exposed.    The  analysis  of  this  clay  is  as  follows : 

Air-dried  Sampie: 

Per  cent. 

Moisture   at    100''    C 0.62 

Combined    water    6.54 

Silica  67.80 

Alumina   20.10 

Ferric   oxide   1.50 

Ferrous  oxide  0.43 

Calcium   oxide   tr. 

Magnesium    oxide    0.54 

Titanium    dioxide    0.50 

Potassium   oxide   1.54 

Sodium   oxide  0.53 

Sulphur   trioxide    none 

Phosphoric  acid  none 

Total   100.13 

Ratio  of  Silica  to  Alumina  and  Iron  3.05 

The  chemist  remarked  as  follows:  *^The  analysis 
shows  that  the  material  is  just  right  for  a  Portland  Ce- 
ment clay.  It  should  be  a  good  siliceous  fire  clay  or 
potters'  clay." 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  almost  white;  burned  white,  changing  to 
gray  at  cone  9  (2,890  dcgroos  F.).  Taste,  fat  and  rather 
free  from  grit.  Texture,  soft  and  fine-grained.  When 
ground  to  20-mesh  and  mixed  with  30.0  per  cent  of  water, 
it  made  a  ])lastic  paste  that  shrank  5.0  per  cent  in  drying, 
and  an  additional  10.0  i>er  cent  when  vitrified,  giving  a 
total  shrinkage  of  15.0  per  cent.  The  air-dried  mud 
allowed  a  tensile  strength  of  21  pounds  to  the  square  inch. 
It  burned  to  a  hard,  compact  body  when  vitrified,  which 
was  at  cone  9  (2,390  degrees  F.).  Incipient  vitrification 
occurred  at  cone  5  (2,246  degrees  F.).  This  is  an  excel- 
lent grade  of  very  liglit-burning  clay,  and  should  make  a 
good  grade  of  pressed  brick  of  a  desirable  color. 
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Clay  No.  116.  (Chemist's  No.  3140).  Clay  from 
Base  of  Lafayette  on  the  W.  K.  Russell  place,  and  used 
for  the  manufacture  of  jugs,  jars,  etc.,  at  Russell's  Pot- 
tery. The  deposit  is  located  at  Potterstown,  about  six 
miles  east  of  Murray,  Calloway  County,  and  is  from  four 
to  ten  feet  thick.  An  analysis  of  this  clay  is  as  follows : 

Analysis  of  air-dried  Sample. 

Per  Cent. 

Moisture  at  100°   C 1.30 

Combined    water    10.00 

Silica    57.24 

Alumina   27.74 

Ferric    oxide    1.28 

Ferrous    oxide    0.14 

Calcium    oxide    1.04 

Magnesium    oxide    0.25 

Potassium  oxide 0.71 

Sodium   oxide   0.13 

Titanium    dioxide    1.00 

Sulphur   trioxide    none 

Phosphoric    acid none 

Total    ...100.83 

The  chemist  remarked  as  follows:  **The  analysis 
shows  that  this  clay  should  be  a  very  good,  wliite  re- 
fractory clay." 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pink;  burned  to  a  beautiful  pink,  changing 
above  cone  6  (2,282  degrees  F.)  to  a  slightly  yellowish 
wliite.  Taste,  fat,  smooth,  free  from  grit.  Texture,  soft, 
fine-grained,  uniform.  When  ground  to  20-mesh  and 
mixed  with  30.0  per  cent  of  water,  it  made  a  plastic  paste 
that  stood  rapid  drying  and  that  shrank  8.0  per  cent  in 
drying  and  6.0  per  cent  additional  when  vitrified,  giving 
a  total  shrinkage  of  14.0  per  cent.  The  air-dried  mud 
showed  a  tensile  strength  of  65  pounds  to  the  square 
inch.  It  burned  to  a  hard,  compact  body.  Incipient  vit- 
rification occurred  at  cone  6  (2,282  degrees  F.),  complete 
at  cone  9  (2,390  degrees  F.).  This  should  make  a  very 
high-grade  pressed  brick  and  terra  cotta  clay. 

Clay  No.  106.  (Chemist's  No.  3138.)  This  place  is 
near  the  Mayfield  and  Murray  Road,  eight  miles  north- 


772  First  Annual  Eeport 
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west  of  Murray,  Calloway  county.  Here  two  feet  of  black 
pyriticous  clay  is  exposed  at  the  Base  of  the  Quaternary. 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  gray ;  burned  pink,  and  then  to  a  gray  at 
higher  temperatures.  Taste,  all  grit.  Texture,  sandy. 
"W^en  ground  to  20-mesh  and  mixed  with  30.0  per  cent 
of  water,  it  made  an  exceedingly  lean  paste — almost  void 
of  plasticity — that  shrank  2.5  per  cent  in  drying  and  none 
in  burning,  gaving  a  total  shrinkage  of  2.5  per  cent.  The 
air-dried  mud  had  a  tensile  strength  of  only  eight  pounds 
to  the  square  inch.  There  was  no  indication  of  vitrifica- 
tion at  cone  11  (2,462  degrees  F.).  This  is  a  fair  grade 
of  fire  clay. 

Analysis  of  Air-dried   Sample: 

Per  cent. 

Moisture  at  100''   C 0.87 

Combined    water    4.35 

Silica  -.  76.68 

Alumina 12.31 

Ferric    oxide    1.12 

Ferrous  oxide  1.01 

Calcium    oxide    0.28 

'  Magnesium  oxide  0.74 

Potassium    oxide    1.71 

Sodium   oxide   0.29 

Titanium    dioxide    0.25 

Sulphur   trioxide   tr. 

Phosphoric    acid    none 

Total    99.62 

The  analysis  shows  that  the  material  is  quite  silic- 
eous and  should  be  quite  refractory. 

Caklisle  County. 

Clay  No.  68.  The  Marion  Hogancamp  place.  Mr. 
Hogancamp  lives  on  the  Columbus  and  Cairo  Road,  one 
mile  northeast  of  Laketon,  Carlisle  county.  Here  is  ex- 
posed six  feet  of  gray  ochreous  clay  at  the  top  of  the 
LaGrange  of  the  tertiary.* 


♦Ky.   Geol.    Surv.,    Bull.   No.   6,    p.   114. 
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A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  yellowish,  pink  and  green;  yellow  when 
ground  and  mixed  and  pinkish  yellow  when  burned. 
Taste,  fat  and  gritty.  Texture,  soft,  coarse-grained,  com- 
pact. When  ground  to  30-mesh  and  mixed  with  25.0  per 
cent  of  water,  it  made  a  fat  paste  that  stood  rapid  drying 
and  that  shrank  7.0  per  cent  in  drying  and  an  additional 
9.0  per  cent  when  vitrified,  giving  a  total  shrinkage  of 
36.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  134  pounds  to  the  square  inch,  as  the  average 
of  only  two  tests.  Incipient  vitrification  occurred  at 
cone  7  (2,318  degrees  F.),  complete  at  cone  11  (2,462  de- 
grees F.).  It  burned  to  a  hard,  compact  body  of  a  beau- 
tiful pinkish  yellow  color. 

Clay  No.  12.  Plastic  clay,  from  George  Ryan's 
place  on  the  north  bluff  of  Little  Mayfield  Creek,  four 
miles  northeast  of  Milburn,  Carlisle  county.  This  prop- 
erty is  now  (1905)  owned  by  Mrs.  E.  J.  Carrico.  The  ex- 
posure is  along  the  Bardwell  and  Kirbytown  Road,  seven 
miles  east  of  Bardwell.  It  is  exposed  in  a  number  of 
places  along  the  bluff  with  a  thickness  of  four  feet.  It 
is  very  stiff,  and  contains  some  fine  sand.  It  is  infusible 
before  the  blow-pipe  and  calcines  to  a  light  gray  color.* 
Geological  position,  Base  of  Lafayette. 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  gray  with  yellow  spots ;  ground  and  mixed 
it  was  gray  when  dry,  becoming  darker  when  wet;  burned 
to  cone  1  (2,102  degrees  F.),  the  color  was  a  pale  yellow, 
turning  to  a  muddy  gray  with  a  yellowish  tint  above  cone 
6  (2,282  F.).  Taste,  fat  and  gritty.  Texture,  sandy,  uni- 
form. When  disintegrated  by  prolonged  shaking  in 
water,  no  detritus  remained  on  the  100-mesh  sieve. 

When  ground  to  20-mesh  and  mixed  with  33.0  per 
cent  of  water,  it  made  a  plastic  paste,  that  stood  rapid 
drying  and  that  shrank  8.3  per  cent  in  drying  and  4.6  per 
cent  of  water,  it  made  a  plastic  paste,  that  stood  rapid 
per  cent.  The  tensile  strength  of  the  air-dried  mud,  as 
shown  by  the  average  of  six  tests,  was  164.5  pounds  to 
the  square  inch,  with  a  maximum  strength  of  216.6 
pounds.    Incipient  vitrification  occurred  at  cone  2  (2,138 


♦Ky.    Geol.    Surv.,    Bull.    No.   6,    p.   95. 


774  First  Annual  Report 

degrees  F.),  complete  at  cone  5  (2,246  degrees  F.).  It 
burned  to  a  compact,  strong  body  when  vitrified.  It 
should  make  a  good  stoneware  clay. 

Clay  No.  11.  This  clay  is  from  the  farm  of  Dr.  T. 
S.  Terrell,  two  and  one-half  miles  north  of  Laketon,  Ken- 
tucky. 

A  sample  of  the  upper  four  feet  of  this  clay  gave 
the  following  characteristics:  Color,  when  dry,  gray 
wdth  slight  yellowish  tint,  dark  gray  when  wet;  w^hen 
burned  to  cone  1  (2,102  degrees  F.),  it  was  a  pretty, 
bright  yellow,  but  turned  to  a  muddy  gray  at  higher  tem- 
peratures. Texture,  soft,  fine-grained,  and,  wlien  dis- 
integrated by  prolonged  shaking  in  w^ater,  practically  all 
passed  through  the  100-mesh  sieve.  Taste,  fat  and  free 
from  grit. 

When  ground  to  20-mesh  and  mixed  with  22.0  per 
cent  of  water,  it  made  a  plastic  paste  that  shrank  9.0  per 
cent  in  drying  and  5.0  per  cent  more  in  burning,  giving 
a  total  shrinkage  of  14.0  per  cent.  The  tensile  strength 
of  the  air-dried  mud,  as  shown  by  the  average  of  16 
tests,  was  !I97.5  pounds  to  the  square  inch,  with  a  maxi- 
mum strength  of  252.7  pounds.  Incipient  vitrification 
occurred  at  cone  6  (2282°  F.),  complete  at  rone  9  (2390° 
F.)  At  cone  9,  small  particles  of  the  clay  had  fused  and 
run  out. 

This  clay  will  give  beautiful  color  for  brick  or  tile 
at  the  lower  tem])eratures,  below  2138°  F. 

Clay  No.  7.  The  Wm.  Reynolds  Place.  This  is  near 
the  Columbus  and  Cairo  Road,  three  miles  north  of  Berk- 
ley, Carlisle  county.  Here  there  is  a  very  pretty  pink 
and  yellowish  clay  at  the  Base  of  the  Lafayette  gravel, 
showing  the  following  section: 

1.  Loess  10  ft. 

2.  Pebbles  and  conglomerate  iron  1  ft. 

3.  Pink  and  yellow  clay  8  ft. 

This  exposure  is  along  a  branch  or  drain  at  the  foot 
of  high  bluffs  of  loess  and  may  be  traced  around  on  the 
property  of  Mr.  B.  F.  Gannaway  on  the  south  and  Mr. 
M.  R.  Holland  on  the  east* 


*  Ky.  Geol.  Surv.,   Bull.  No.  6,   p.  97. 
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A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pink,  both  wet  and  dry  (sample,  unmixed, 
was  pink  with  yellow  streaks) ;  the  color  remained  pink 
up  to  cone  6  (2,282  degrees  F.),  but  became  a  pale  yel- 
low, approaching  white,  at  higher  temperatures.  Taste, 
fat  and  gritty.  Texture,  soft  and  coarse-grained.  Wlien 
disintegrated  by  prolonged  shaking  in  water,  practically 
all  detritus  passed  through  the  100-mesh  sieve.  Ground 
to  20-mesh  and  mixed  with  28.0  per  cent  of  water,  it 
made  a  fat  paste,  that  stood  rapid  drying,  and  that  shrank 
9.0  per  cent  in  drying  and  5.0  per  cent  additional  in  burn- 
ing, giving  a  total  shrinkage  of  14.0  per  cent.  The  tensile 
strength  of  the  air-dried  mud,  as  shown  by  the  average 
of  eight  tests,  was  112.6  pounds  to  the  square  inch,  with 
a  maximum  strength  of  126.3  pounds.  Incipient  vitrifi- 
cation occurred  at  cone  9  (2,390  degrees  F.).  This  is  a 
high  grade,  nearly  white-burning  clay. 

Clark  County. 

Clay  No.  146.  This  clay  is  from  the  same  farm  as 
Clay  No.  67.  (See  A.  H.  Anderson's  place,  Powell 
county.) 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  green;  burned  to  a  dark  red.  Taste,  lean 
to  fat,  smooth.  When  ground  to  20-mesh  and  mixed  with 
23.0  per  cent  of  water,  it  made  a  fairly  plastic  paste, 
that  shrank  7.5  per  cent  in  drying  and  an  additional  5.0 
per  cent  when  vitrified,  giving  a  total  shrinkage  of  12.5 
per  cent.  The  air-dried  mud  showed  a  tensile  strength 
of  74  pounds  to  the  square  inch,  as  the  average  of  six 
tests,  with  a  maximum  strength  of  80  pounds.  Complete 
vitrification  occurred  at  cone  1  (2,102  degrees  F.).  It 
burned  to  a  fair  bodv  and  should  make  excellent  common 
brick  and  drain  tile. 

Clay  No.  122.  The  Morgan  Eubank  place.  Mr.  Eu- 
bank's  farm  is  on  the  Indian  Fields  and  Irvine  Road,  four 
miles  south  of  Indian  Fields,  Clark  county. 

On  this  place,  and  the  one  adjacent  on  the  west,  be- 
longing to  Mr.  D.  J.  Snowdon,  there  is  quite  an  extensive 
deposit  of  greenish,  plastic  clay.  By  hand-level  meas- 
urements of  the  deposit  as  exposed  along  large  gullies, 
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the  thickness  averages  about  twenty-one  and  a  half  feet. 
It  is  found  at  various  points  of  exposure  over  an  area 
of  perhaps  one  hundred  acres.  This  is  a  Niagaran  de- 
posit, and  it  is  quite  likely  that  back  some  distance  into 
the  hills,  as  would  be  reached  by  tunneling,  the  material 
Avould  become  shalev  in  character. 

Following  is  a  section  of  the  deposit  as  exposed  along 
the  gullies : 

1.  Dark,  brown  Umestone  4      ft. 

2.  Greenish,  plastic  clay  5%  ft. 

3.  More  compact  laminated  clay  6      ft. 

4.  Drab  clay,  very  fat  10      ft. 

Tliis  deposit  belongs,  doubtless,  to  what  Prof. 
Foerste  calls  the  Estill  Clay  of  the  Crab  Orchard  Division 
of  the  Silurian  Series.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  green;  burned  dark  red,  and  dark  brown 
when  fused.  Taste,  fat,  almost  free  from  grit.  When 
ground  to  20-mesh  and  mixed  with  30.0  per  cent  of  w^ater, 
it  made  a  plastic  paste,  that  shrank  5.0  per  cent  in  dry- 
ing and  a  like  amount  in  burning  to  vitrification,  giving 
a  total  shrinkage  of  10.0  per  cent.  The  air-dried  mud 
showed  a  tensile  strength  of  105  pounds  to  the  square 
inch.  Complete  vitrification  occurred  at  cone  02  (2,030 
degrees  F.),  and  viscosity  at  cone  6  (2,282  degrees  F.). 

Clay  No.  66.  The  Orlando  Henslev  place.  Mr.  Hens- 
ley  lives  on  the  Indian  Fields  and  Pine  Ridge  Road,  about 
two  and  a  half  miles  east  of  Indian  Fields,  Clark  county. 
About  one-half  mile  north  of  Afr.  Henslev 's  home,  on 
a  small  spring  branch  which  flows  into  Lulbegrud  Creek, 
there  is  an  exposure  of  yellow,  ochreous  clay  about  four 
feet  thick.  The  ex])osure  runs  fifteen  or  twenty  yards 
along  the  branch  to  its  head,  which  is  a  chalybeate  spring 
issuing  from  above  the  ochreous  clay  deposit.  The  clay 
is  covered  above  bv  vegetation  and  hidden  bv  the  branch 
below,  but  it  is  evidentlv  Devonian  and  has  resulted  from 
residues  from  the  Ohio  Black  Shale. 

Following  is  the  analysis  of  the  clay,  made  for  the 
Survey  by  the  State  Agricultural  Experiment  Station: 
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Per  cent. 

Hygroscopic  moisture  3.04 

Combined  water  and  volatile  matter  12.28 

Silica  ..  : 44.40 

Alumina  , :. 11.35 

Ferric  oxide 24.69 

Lime  - :.  0.26 

Magnesia  0.38 

Potash , 1.99 

Soda  0.26 

Titanium  dioxide  0.75 

'Sulphur  trioxide « 0.56 

Phosphorous   pentoxide   0.13 

Total    100.09 

Higher  up  the  hills  and  across  a  hollow  to  the  north 
from  the  above  described  deposit  about  one-half  a  mile, 
there  is  a  deposit  of  pinkish,  plastic  clay  about  six  feet 
deep.  The  deposit  is  at  tlie  top  of  the  Devonian  or  Ohio 
Black  Shale. 

The  following  is  a  section  made  at  this  deposit : 

1.    Soil  2  ft. 

2.  Pinkish   clay   6  ft. 

3.  Black  shale  Flat  exposure. (♦) 

A  sample  of  this  ''pinkish-red  clay"  gave  the  fol- 
lowing characteristics:  Color,  when  mixed,  pale  pinkish 
red;  dark  red  when  burned.  Taste,  fat  and  very  little 
grit.  Texture,  soft,  fine-grained.  When  ground  to  30- 
mesh  and  mixed  with  24.0  per  cent  of  water,  it  made  a 
lat  paste,  that  stood  rapid  drying,  and  that  shrank  5.0 
per  cent  in  drying  and  7.0  per  cent  additional  when  vit- 
rified, giving  a  total  shrinkage  of  12.0  per  cent.  The  air- 
dried  mud  showed  a  tensile  strength  of  58  pounds  to  the. 
square  inch,  as  the  average  of  three  tests,  with  a  maxi- 
mum strength  of  67.3  pounds.  The  clay  burned  to  a  hard, 
compact  body,  free  from  warping.  Incipient  vitrification 
occurred  at  cone  4  (2,210  degrees  F.),  complete  at  cone 
7  (2,318  degrees  F.). 

Clay  No.  65.  The  B.  L.  Bruner  place.  The  clay  on 
this  farm  is  exposed  along  the;  Indian  Fields  aiid  Clay 
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Citv  Eoad  about  two  miles  from  Indian  Fields,  Clark 
county.  The  clay  is  exposed  on  both  sides  of  the  named 
road  and  outcrops  on  several  hillsides  around  in  the 
immediate  vicinity. 

It  is  a  greenish,  plastic  clay  resulting  from  Crab 
Orchard  Shale  and  shows  an  average  thickness  of  about 
four  and  one-half  feet.  A  very  luxuriant  plant  growth 
on  the  thin  soil  above  the  clay  testifies  to  plant  food  con- 
tained therein.  These  Crab  Orchard  clays,  as  a  rule,  con- 
tain a  noteworthy  amount  of  potash. 

The  following  is  a  section  of  this  clay  as  exposed  by 
gullies,  eroded  hillsides,  etc. : 

Soil  2     ft. 

Greenish,  plastic  clay 4%  ft(t) 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  green;  burned  to  very  dark  red.  Taste, 
fat,  very  little  grit.  Texture,  soft,  fine-grained,  massive. 
When  ground  to  30-mesh  and  mixed  with  28.0  per  cent 
of  water,  it  made  a  very  plastic  paste,  that  required  slow 
drying  and  that  shrank  7.0  per  cent  in  drying.  The  air- 
dried  mud  showed  a  tensile  strength  of  138  pounds  to  the 
square  inch,  as  the  average  of  three  tests,  with  a  maxi- 
mum strength  of  151  pounds.  The  clay  was  partially 
fused  to  viscosity  at  cone  6  (2,282  degrees  F.).  Complete 
vitrification  occurred  much  below  this  temperature. 
This  is  a  low-grade  clay  suited  only  to  the  manufacture 
of  common  brick  and  tile. 

Clay  No.  46.  The  Robert  Kidd  place.  This  land  is 
on  the  Indian  Fields  and  Mt.  Sterling  Road,  three  miles 
north  of  Indian  Fields,  Clark  county.  Here  the  hills 
over  an  area  of  about  one  hundred  and  twenty-five  acres, 
show  exposures  of  a  greenish,  plastic  clay  about  ten  feet 
thick  as  an  average.  The  clay  is  Crab  Orchard  in  age 
and  occurs  immediately  below  a  three-foot  stratum  of 
Corniferous  Limestone.  The  clay  is  a  very  fat  material, 
free  from  gravel,  sandy  grit,  etc. 

The  following  is  an  average  section  of  the  expos- 
ures around  the  hillsides : 
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1.  Devonian  (Corniferous)  Limestone 3  ft. 

2.  Greenish  clay    (Silurian)   10  ft. 

This  clay  is  very  similar  in  appearance  to  other 
Crab  Orchard  clays  which  have  been  recommended  for 
Portland  Cement.* 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  green,  both  wet  and  drj^ ;  when  burned,  the 
color  was  pale  yellow.  Taste,  lean  and  gritty.  Texture, 
soft  and  fine-grained,  massive  and  uniform.  When 
ground  to  30-mesh  and  mixed  with  24.0  per  cent  of  water, 
it  made  a  mildly  plastic  paste,  that  stood  rapid  drying, 
and  that  shrank  5.0  per  cent  in  drying  and  4.0  per  cent 
more  when  vitrified,  giving  a  total  shrinkage  of  9.0  per 
cent.  The  air-dried  mud  showed  a  tensile  strength  of 
88.3  pounds  to  the  square  inch,  as  the  average  of  eleven 
tests,  with  a  maximum  strength  of  106.4  pounds.  In- 
cipient vitrification  occurred  at  cone  6  (2,282  degrees  F.), 
complete  at  cone  9  (2,390  degrees  F.).  Thin  pieces  showed 
no  warping.    This  clay  should  make  terra  cotta. 

Clay  No.  40.  The  Kiddville  Exposures.  There  is 
a  small  wet- weather  branch  which  flows  through  the  west 
fcjide  of  Kiddville,  crosses  the  Indian  Fields  and  Kidd- 
ville Eoad  and  empties  into  Lulbegrud  Creek  one  mile 
southeast  of  Kiddville,  Clark  county,  Ky.  Along  this 
branch,  west  of  the  town,  there  are  exposures  of  a  green- 
ish Crab  Orchard  clay  on  Messrs.  A.  T.  and  J.  H.  Pieratt. 
On  Mr.  A.  T.  Pieratt  the  exix)sure  by  lock  level  measure- 
ment shows  to  be  about  twentv-one  and  a  half  feet  thick 
on  both  sides  of  the  branch.  Similar  exposures  are  found 
to  the  south  on  Mr.  J.  H.  Pieratt  and  Dr.  J.  F.  Lockhart ; 
to  the  west  on  Mr.  J.  Eubank  and  Mr.  James  Peel;  to 
the  north  on  Mrs.  Carrie  Hardy;  to  the  east,  Mr.  J.  L. 
Jackson  and  Mrs.  Mary  Elliott.  The  following  is  the 
section  as  exposed: 

1.  Soil  with  grass  2      ft. 

2.  Greenish,  plastic  clay  15      ft 

3.  Deeper  green  clay 5%  ft 

4.  Covered,  (t) 
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A  sample  of  this  clay  from  the  J.  H.  Pieratt  place 
gave  the  following  characteristics:  Color,  green,  both 
wet  and  dry ;  it  burned  to  a  dark  brown.  Taste,  fat,  with 
very  little  grit.  Texture,  soft,  fine-grained,  somewhat 
shaley.  When  disintegrated  by  prolonged  shaking  in  wa- 
ter, considerable  jet-black  sand  was  caught  on  the  100- 
mesh  sieve. 

When  ground  to  20-mesh  and  mixed  with  30.0  per 
cent  w^ater,  it  made  a  plastic  paste,  that  shrank  8.0  per 
cent  in  drying.  The  air-dried  mud  showed  a  tensile 
strength,  as  the  average  of  eight  tests,  of  119.5  pounds 
to  the  square  inch,  with  a  maximum  strength  of  141.4 
pounds.  Fusion  occurred  at  cone  6  (2,282  degrees  F.), 
This  is  a  very  low-grade  clay. 

Clay  No.  53.  A.  T.  Pieratt  place.  A  sample  of  this 
clay  gave  the  following  characteristics:  Color,  green; 
it  burned  to  dark  brown.  Taste,  fat,  very  little  grit.  Tex- 
ture, soft,  fine-grained  and  full  of  roots  and  fibers.  When 
ground  to  30-mesh  and  mixed  wath  28.0  per  cent  of  water, 
it  made  a  plastic  paste  that  stood  rapid  drying,  and  that 
shrank  5.0  per  cent  in  drying  and  1.0  per  cent  more  in 
burning,  giving  a  total  shrinkage  of  6.0  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  127.5  pounds 
to  the  square  inch,  as  the  average  of  six  tests,  with  a 
maximum  strength  of  158  pounds.  The  clay  was  fully 
vitrified  at  cone  4  (2,210  degrees  F.),  and  partially  fused 
at  cone  7  (2,318  degrees  F.).  This  is  a  low-grade  clay 
of  very  doubtful  commercial  value. 

Clay  No.  118.  Crab  Orchard  Clay,  from  big  clay  pit, 
one  mile  west  of  Indian  Fields,  Clark  county,  Ky.  Col- 
lected by  Aug.  F.  Foerste,  *  *  B  14. " 

Small  sample  of  yellow  shaley  clay,  not  an  average 
sample.    Fusible  in  the  blow-pipe  flame. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100°  C 1.02 

Combined  water  and  organic  matter 5.41 

Silica   58.48 

Alumina    ..    ..: 19.33 

Ferric  oxide 6.08 

Ferrous  oxide  1.01 
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Per  cent. 
Calcium  oxide  : 0.82 

Magnesium  oxide  2.27 

Potassium  oxide  4.58 

Sodium  oxide 0.89 

Titanium  dioxide  0.45 

Sulphur   trioxide    tr. 

Phosphoric  acid  tr. 

Total 100.34 

Ratio  of  Iron  and  Alumina  to  Silica  2.20     • 

The  analysis  shows  that  this  clay  is  not  quite  silice- 
ous enough  for  making  Portland  Cement. 

The  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  green,  with  yellow  tint ;  burned  to  a  very 
dark  red.  Taste,  fat  and  very  little  grit.  When  ground 
to  20-mesh  and  mixed  with  26.0  per  cent  of  water,  it 
made  a  fat  paste,  that  shrank  7.0  per  cent  in  drying  and 
a  like  amount  when  vitrified,  giving  a  total  shrinkage  of 
14.0  per  cent.  Complete  vitrification  occurred  at  cone 
03  (1,994  degrees  F.),  partial  viscosity  at  cone  5  (2,246 
degrees  F.).    This  is  a  common-brick  clay  only. 

Clay  No.  84.  W.  T.  Stanhope  place.  This  place  is 
near  the  Indian  Fields  and  Irvine  Eoad,  about  two  miles 
south  of  Indian  Fields,  Clark  county,  Ky. 

The  analysis  of  an  air-dried  sample  of  this  clay,  by 
J.  S.  McHargue,  Survey  Chemist,  is  as  follows : 

Average  Sample  of  Yellow  Clay  Containing  Gravels  and  a  Few  Roots: 

Per  cent. 

Moisture  at  100°   C 1.94 

Combined  water  and  organic  matter 5.79 

Silica  63.28 

Alumina    17.95 

Ferric    oxide    4.48 

Ferrous  oxide 1.01 

Calcium    oxide    tr. 

Magnesium    oxide    1.19 

Potassium    oxide    4.29 

Sodium   oxide 0.29 

Titanium    dioxide    0.45 

Sulphur   trioxide   tr. 

Phosphoric  acid  none 

Total    100.67 

Ratio  of  Iron  and  Alumina  to  Silica 2.68 


782  First  Annual  Eeport 

The  chemist  remarked  as  follows:  The  analysis 
shows  that  this  clay  would  answer  for  a  Portland  Ce- 
ment clay,  though  the  potash  is  rather  high. ' ' 

A  sample  of  this  clay  gave  the  following  character- 
istics :  .Color,  yellow ;  burned  to  a  yellowish  red  at  cone 
]  (2,102  degrees  F.),  and  to  a  dark  red  at  higher  tem- 
peratures. Taste,  smooth  and  fat.  When  ground  to 
20-mesh  and  mixed  with  38.0  per  cent  of  water,  it  made 
a  fairly  plastic  paste,  that  stood  rapid  drying,  and  that 
shrank  8.0  per  cent  in  drying  and  5.0  per  cent  additional 
when  vitrified,  giving  a  total  shrinkage  of  13.0  per  cent. 
'  The  air-dried  mud  showed  a  tensile  strength  of  94  pounds 
to  the  square  inch,  as  the  average  of  seven  tests,  with  a 
maximum  strength  of  109  pounds.  Incipient  vitrifica- 
tion occurred  below  cone  1  (2,102  degrees  F.),  and  com- 
plete at  cone  6  (2,282  degrees  F.).  This  clay  may  prove 
suited  to  the  manufacture  of  paving  brick. 

Clay  No.  121.  (Chemist's  No.  3134.)  First  Cut 
west  of  great  fill,  one  mile  west  of  Indian  Fields,  Clark 
county,  Ky.    Estill  clay;  middle  Niagara  Clay. 

Sample  consisted  of  a  few  rather  thin  pieces  of  yel- 
lowish clay  shale.  Fusible  and  plastic.  Not  an  average 
sample. 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  100**   C 1.73 

Combined    water   6.08 

Carbon    dioxide    0.51 

Silica  55.68 

Alumina   21.08 

Ferric    oxide   1.92 

Ferrous  oxide  3.52 

Calcium    oxide    1.78 

Magnesium   oxide    2.35 

Potassium   oxide   4.88 

Sodium   oxide   0.50 

Titanium  dioxide  - 0.50 

Sulphur  trioxide   tr. 

Phosphoric    acid    tr. 

Total   100.53 

The  analysis  of  the  clay  shows  that  it  could  be  used 
for  making  brick,  drain  tiles,  etc. 
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The  sample  of  this  clay  gave  the  following  charac- 
teristics :  Color,  green ;  burned  dark  brown.  Taste,  fat 
and  smooth.  Texture,  soft,  fine-grained,  uniform.  When 
ground  to  20-mesh  and  mixed  with  29.0  per  cent  of  water^ 
it  made  a  plastic  paste,  that  stool  rapid  drying  and  that 
shrank  8.0  per  cent  in  drying.  The  clay  reached  viscosity 
at  cone  6  (2,282  degrees  F.).  It  is  a  low-grade,  common- 
brick  clay. 

Clay  No.  119.  (Chemist's  No.  3136.)  Hornback 
Curve,  west  of  Indian  Fields,  Clark  county,  Ky.  Top  of 
the  Upper  Richmond :  0-10  feet  below  Clinton. 

The  sample  consisted  of  a  small  quantity  of  slightly 
greenish  looking  clay  shale  containing  carbonates. 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  1.07 

Combined  water  and  carbon  dioxide 17.23 

Silica  44.74 

Alumina   14.02 

Ferric   oxide    1.92 

Ferrous    oxide    1.87 

Calcium    oxide    10.18 

Magnesium   oxide    7.10 

Potassium   oxide    1.93 

Sodium   oxide   0.18 

Titanium    dioxide    0.40 

Sulphur  trioxide   tr. 

Phosphoric    acid    tr. 

Total   100.64 

Ratio  of  Iron  and  Alumina  to  Silica 2.47 

The  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  green;  burned  brown.  Taste,  fat  and 
smooth.  Texture,  soft,  fine-grained.  When  ground  to 
20-mesh  and  mixed  with  23.0  per  cent  of  water,  it  made 
a  plastic  paste,  that  shrank  5.0  per  cent  in  drying  and  an 
equal  amount  when  vitrified,  giving  a  total  shrinkage  of 
10.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  55  pounds  to  the  square  inch.  Incipient  vitri- 
fication occurred  at  cone  01  (2,066  degrees  F.),  complete 
at  cone  3  (2,174  degrees  F.),  viscosity  at  cone  6  (2,282 
degrees  F.).    This  is  a  low-grade  clay. 
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Crittenden  County. 

■       Clay  No.  160.     (Chemist's  No.  3304.) 

Clay  sent  by  the  Pope  Mining  Company,  of  Louis- 
ville, Ky.  The  clay  occurs  in  a  fissure  vein  and  is  sur- 
rounded by  sandstone. 

The  sample  consisted  of  a  few  small  lumps  of  clay 
colored  purplish  by  iron  oxide. 
«  •  • 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  lOO**   C 1.74 

'    Combined    water,    etc 6.72 

Silica  58.50 

Alumina   23.40 

Ferric   oxide 3.20 

Ferrous  oxide  tr. 

Calcium    oxide    0.32 

Magnesium    oxide    1.52 

Potassium    oxide 4.39 

Sodium   oxide 0.23 

Titanium    dioxide    0.80 

Sulphur  trioxide   tr. 

Total   100.82 

The  analysis  shows  that  the  clay  is  only  of  medium 
quality.  It  would  not  be  very  refractory.  It  can  be  read- 
ily fused  in  the  blow-pipe  flame.  Tests  made  with  the 
clay  showed  none  of  the  properties  of  a  Fullers*  Earth. 

The  sample  of  this  clay  gave  the  following:  Color, 
bluish  white,  burned  brown.  Taste,  very  fat  and  smooth. 
When  ground  to  20-mesh  and  mixed  with  33.0  per  cent 
of  water,  it  made  an  exceedingly  plastic  paste,  that  stood 
rapid  drying  and  that  shrank  7.0  per  cent  in  drying  and 
^.0  per  cent  more  when  vitrified,  giving  a  total  shrinkage 
of  13.0  per  cent.  Sample  too  small  to  test  tensile  strength. 
Complete  vitrification  occurred  at  cone  1  (2,102  degrees 
F.),  with  very  little  change  at  cone  9  (2,390  degrees  F.). 
This  is  a  fair  stone-ware  clay. 

.'  Clay  No.  145.  The  Tanner  Clay.— North  Pit.  This 
clay  is  on  the  C.  W.  Bryant  place,  which  is  on  the  Marion 
and  Salem  Road,  about  three  miles  west  of  Marion.  The 
clay  occurs  along  a  dike. 
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The  following  analysis  of  this  clay  is  given  in  Bul- 
letin No.  6  of  the  Kentucky  Geological  Sur\'ey:  No. 
1295 — Soft,  powdery,  nearly  white  clay,  from  the  farm 
of  C.  W.  Bryant,  three  miles  southwest  of  Marion.  A 
sample  pitcher  was  made  of  this  clay  by  the  Brockman 
Pottery  Company,  Cincinnati,  0.  The  glazed  ware  is 
white,  with  a  faintly  bluish  tinge.  Analysis  by  A.  M. 
Peter. 

Composition,  Air-dried: 

Per  cent. 

Moisture    1.36 

Ignition    9.78 

Silica    57.56 

Alumina ^ 30.47 

Ferric   oxide   tr. 

Lime : : 0.30 

Magnesia   0.24 

Potash  0.26 

Soda    ; 0.20 

Sulphuric   anhydride    tr. 


Total   100.17 

A  sample  of  this  clay,  which  seems  not  to  be  the  same 
deposit  given  above  under  the  number  12,950,  gave  the 
following  characteristics:  Color,  when  mixed,  yellow; 
pinkish-gray  at  cone  7  (2,318  degrees  F.),  becoming  more 
nearly  gray,  with  less  pinkish  tint  at  cone  9  (2,390  de- 
grees F.).  Taste,  lean  and  gritty.  When  ground  to  20- 
mesli  and  mixed  with  41.0  per  cent  of  water,  it  made  a 
rather  lean  paste,  that  shrank  7.5  per  cent  in  drying  and 
an  additional  10.0  per  cent  at  cone  11  (2,462  degrees  F.), 
giving  a  total  shrinkage  of  17.5  per  cent.  The  air-dried 
mud  showed  a  tensile  strength  of  29  pounds  to  the  square 
inch,  as  the  average  of  four  tests,  with  a  maximum 
strength  of  39  pounds.  There  was  no  indication  of  vit- 
rification at  cone  11  (2,462  degrees  F.) 

This  is  an  impure  kaolin  which  bums  to  an  undesir- 
able color. 

.•  Cr^Y. — No.  45.  This  clay  represents  decomposed  dike 
material  from  the  farm  of  C.  W.  Brj^ant,  as  described 
above  under  Clay  No.  145. 
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The  sample  gave  the  following:  Color,  yellowish 
brown,  more  nearly  brown  when  wet;  burned,  the  color 
became  reddish-brown  to  gun-metal  blue.  Taste,  fat, 
gritty.  Texture,  soft,  coarse-grained.  When  ground  to 
30-mesh  and  mixed  with  38.0  per  cent  of  water,  it  made 
a  fat  paste  that  stood  rapid  drying,  and  that  shrank  9.0 
per  cent  in  drying  and  3.0  per  cent  additional  in  burning 
to  vitrification,  giving  a  total  shrinkage  of  12.0  per  cent. 
The  air-dried  mud  showed  a  tensile  strength  of  147.2 
pounds  to  the  square  inch,  as  the  average  of  five  tests, 
with  a  maximum  strength  of  186.8  pounds.  ,  Complete 
vitrification  occurred  at  cone  6  (2,282  degrees  F.).  This 
should  make  common  brick. 

Clay  No.  44.  Another  Tanner  Clay.  (See  Clay  No. 
145  above.) 

A  sample  of  this  clay  was  labeled,  '* Marion  and  Sa- 
lem Eoad,  three  miles  west  of  Marion,  along  dike,  on  farm 
of  C.  W.  Bryant.  Tanner  deposit.  Pit  No.  1."  This 
sample  gave  the  following  characteristics :  Color,  nearly 
white,  with  slight  yellowish  tint;  burned  more  nearly 
white.  Texture,  soft,  fine-grained,  massive,  uniform. 
Taste,  lean  and  slightly  gritty.  When  ground  to  30- 
mesh  and  mixed  with  40.0  per  cent  of  water,  it  made  a 
lean  paste,  that  stood  rapid  drying,  and  that  shrank  7.0 
per  cent  in  drying  and  6.0  per  cent  additional  in  burning 
to  cone  7  (2,318  degrees  F.),  giving  a  total  shrinkage  of 
13.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  32  pounds  to  the  square  inch,  as  the  average 
of  five  tests;  all  five  tests  gave  the  same  result.  The 
clay  burned  to  a  hard,  compact  body  without  warping 
when  in  thin  plates.  There  was  slight  indication  of  vit- 
rification at  cone  7  (2,318  degrees  F.).  This  is  a  high- 
grade  clay  suited  to  the  manufacture  of  white-burning 
pressed  brick,  pottery,  etc. 

Cumberland  County. 

Clay  No.  92.  ''Shale  from  the  basal  four  and  one- 
half  feet  of  Keokuk- Waverley.  To  be  analyzed  and  re- 
port sent  to  James  McMurtry,  Burkesville  Hill,  Cumber- 
land County,  Ky.'' 
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The  sample  consisted  of  thin  chips  of  shale.  Fusible 
in  the  blow-pipe  fljame. 

Analysis  of  Air-Dried  Sample. 

Per  Cent. 

Moisture  at  100**  C 1.24 

Combined  water  and  carbonaceous  matter  4.68 

Silica  67.82 

Alumina  ^  15.35 

Ferric  oxide  2.64 

Ferrous  oxide  1.58 

Calcium  oxide  tr. 

Magnesium  oxide  1.84 

Potacsium  oxide - 3.57 

Sodium   oxide   0.06 

Titanium  dioxide  0.35 

Sulphur   trioxide    tr. 

Phosphoric  acid none 

Total   ^   99.13 

Ratio  of  Iron  and  Alumina  to  Silica 3.43 

The  analysis  shows  that  this  clay  is  suited  for  mak- 
ing Portland  Cement  in  connection  with  pure  limestone. 

The  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  green;  burned  to  a  bright  red,  chang- 
ing to  very  dark  reddish-brown.  Taste,  lean.  Texture, 
soft  and  coarse-grained.  When  ground  to  20-mesli  and 
mixed  with  15.0  per  cent  of  water,  it  made  a  lean  paste, 
lacking  in  plasticity,  that  shrank  2.0  per  cent  in  drying 
and  4.0  per  cent  additional  when  vitrified,  gaving  a  total 
shrinkage  of  6.0  per  cent.  The  air-dried  mud  showed  a 
tensile  strength  of  only  16  pounds  to  the  square  inch. 
Incipient  vitrification  occurred  at  cone  1  (2,102  degrees 
F.),  complete  at  cone  5  (2,246  degrees  F.). 

This  is  a  good  grade  of  common  brick  and  tile  clay. 

Edmonson  County. 

Clay  No.  78.  The  John  Wells  place.  This  farm  is 
on  the  Brownsville  and  Bowling  Green  Road,  three  miles 
southeast  of  Brownsville.  At  this  place  there  is  a  thin 
stratum  of  coal  underlaid  by  dark  clay  which  occur  in 
the  Chester  Group  near  the  top.    This  is  a  very  persist- 
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ant  coal  and  clay ;  the  two  are  exposed  at  numerous  places 
over  the  county. 

A  typical  exposure  at  this  coal  is  shown  in  the  fol- 
lowing section,  reading  downward: 

1.  White    sandstone    20  ft. 

2.  Brown,  grained  limestone  5  ft. 

3.  Dark   shale   6  in. 

4.  "Dark,  shaly  clay" 2  ft. 

5.  Coal 1  in. 

6.  Dark,  shaly  clay 3  ft. 

7.  Covered 10  ft. 

8.  Sandstone 20  ft. 

This  material  is  on  the  order  of  a  clayey  shale  and 
to  some  extent  resembles  a  fire  clay.  It  contains  a  vast 
amount  of  impurities  and  is  easily  fused.  The  clay  is 
apparently  the  same  above  the  coal  as  below.* 

A  sample  of  this  clay  gave  the  following  character- 
astics:  Color,  dark  gray;  burned  to  brown.  Taste,  ex- 
ceedingly lean  and  gritty.  Texture,  hard,  coarse-grained, 
shaly.  When  ground  to  30-mesh  and  mixed  with  25.0  per 
cent  of  water,  it  made  a  paste  rather  low  in  plasticity, 
that  stood  rapid  drying,  and  that  shrank  5.0  per  cent  in 
drying  and  4.0  per  cent  additional  when  vitrified,  giving 
a  total  shrinkage  of  9.0  per  cent.  The  air-dried  mud 
showed  a  tensile  strength  of  60  pounds  to  the  square 
inch,  as  the  average  of  ten  tests,  with  a  maximum 
strength  of  68  pounds.  The  clay  was  fully  vitrified  at 
cone  2  (2,138  degrees  F.),  and  partially  viscous  at  cone 
6  (2,282  degrees  F.). 

This  is  a  low-grade  clay  of  little  or  no  value  for  the 
manufacture  of  clay  products.  "*    . 

Clay  No.  77.  The  W.  B.  Parsley  place.  This  place 
is  about  five  miles  northeast  of  Brownsville  and  three 
miles  from  the  mouth  of  Nolin  River. 

On  this  place  there  is  a  deposit  of  clay  exposed  in  a 
ditch  about  fifty  yards  long.  This  ditch  was  made  in 
search  for  asphalt  rock,  but  not  dug  to  sufficient  depth 
to  expose  anything  but  soil  and  clay. 

The  following  is  a  section  here : 
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1.    Soil 3     ft. 

2.  Light  colored  plastic  clay  3%  ft 

3.  Covered   10      ft. 

4.  Chester  sandstone  (bituminous)   4      ft. 

In  this  sandstone  exposure  there  are  signs  of  asphalt, 
but  considerable  work  is  necessary  to  show  whether  or 
not  it  is  present  in  paying  quantity. 

An  analysis  of  the  clay  is  as  follows: 

Per  Cent. 

Moisture  1.79 

Ignition   (combined  water  and  volatile  matter) 6.36 

Silica   64.36 

Alumina  20.90 

Ferric    oxide    1.39 

Lime  0.40 

Magnesia   0.69 

Potash  1.88 

Soda  0.17 

Titanium  dioxide 1.32 

Phosphorous   pentoxide   0.06 

Sulphur   trioxide    tr. 

Total    99.32 

Remarks  by  the  chemist:  **This  clay  should  be  quite 
refractory,  and,  being  quite  sandy,  should  shrink  very 
little  in  burning."* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  gray,  red  and  yellow;  mixed,  it  was  pale 
yellow;  burned  to  reddish  yellow.  Taste,  lean,  and  very 
gritty.  Texture,  soft,  coarse-gi'ained.  When  ground 
to  20-mesh  and  mixed  with  31.5  per  cent  of  water,  it  made 
a  rather  lean  paste,  that  stood  rapid  drying,  and  that 
shrank  5.0  per  cent  in  drying  and  12.0  per  cent  additional 
in  burning,  giving  a  total  shrinkage  of  17.0  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  80  pounds 
to  the  square  inch,  as  the  average  of  five  tests,  with  a 
maximum  strength  of  90  pounds.  It  burned  to  a  hard, 
compact  body,  free  from  warping  when  in  thin  slabs. 
Incipient  vitrification  occurred  at  cone  5  (2,246  degrees 
F.),  and  not  complete  at  cone  9  (2,390  degrees  F.). 
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This  is  a  semi-refractory  clay  of  an  excellent  quality. 
It  would  not  work  very  well  on  a  potter's  wheel,  but,  by 
the  addition  of  a  small  proportion  of  a  more  plastic  clay, 
it  could  be  brought  to  the  proper  physical  degree  of 
plasticity  and  toughness  to  make  excellent  stoneware. 
It  would  make  a  good  grade  of  terra  cotta,  giving  a  de- 
sirable color  to  the  body. 

Clay  No.  76.  Mr.  Bennett  Lindsay  place.  This  land 
is  about  one-fourth  of  a  mile  west  of  Brownsville,  Edmon- 
son county,  Ky.  Here  a  yellow  plastic  clay  occurs  at 
the  Base  of  the  Conglomerate. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  yellow;  brownish  yellow  when  mixed; 
burned  to  a  dark  red.  Taste,  slightly  fat  and  gritty. 
Texture,  soft,  coarse-grained,  compact.  When  ground 
to  20-mesh  and  mixed  with  25.0  per  cent  of  water,  it 
made  a  moderately  plastic  paste,  that  required  very 
slow  drying,  and  that  shrank  10.0  per  cent  in  drying  and 
16.0  per  cent  additional  when  \dtrified,  giving  a  total 
shrinkage  of  26.0  per  cent.  It  warped  and  cracked  some- 
what in  burning.  Complete  vitrification  occurred  at 
cone  6  (2,282  degrees  F.).  This  is  a  low-grade  common- 
brick  clay. 

Clay  No.  56.  The  John  T.  B.  Stice  place.  Mr. 
Stice's  farm  is  on  a  small  neighborhood  road  one  and  a 
lialf  miles  south  of  Brownsville  on  the  east  bank  of 
Green  Eiver.  At  the  east  side  of  his  farm,  one-half  a 
mile  from  the  river,  there  is  an  interesting  deposit.  Here 
there  is  a  long  hollow  with  bold  ridges  on  either  side. 
Along  these  ridges,  at  the  base  of  Conglomerate  cliffs^ 
there  are  outcroppings  of  small  white  pieces  of  clay.  At 
one  point  a  pit  was  dug  into  this  material  to  the  depth 
of  seven  feet.  Beneath  the  surface  the  pieces  were  more 
waxy  in  appearance.  Deeper  down  the  material  becomes 
brown  and  hard,  resembling  bauxite. 

Analyses  have  proven  this  waxy  material  with  a 
smooth  conchoidal  fracture  and  the  white  particles  above 
it  to  resemble  indianaite,  and  the  material  below  to  be  a 
mixture  of  bauxite  and  wavellite.  The  one  changes  very 
gradually  into  the  other. 
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The  following  is  a  section  at  this  exposure : 

Conglomerate    sandstone    70  ft. 

White   particles   1  ft. 

Yellow  and  waxy   (indianaite) 4  ft. 

Mixture  bauxite  and  wavellite 2  ft. 

Covered    10  ft 

Kaskasikia    limestone   2  ft 

The  material  is  stained  with  iron  oxide  to  some  ex- 
tent on  the  outside  of  the  pieces.  The  indianaite  is  found 
in  pieces  from  the  size  of  a  bird's  egg  to  six  inches  in 
diameter.  The  mixture  of  bauxite  and  wavellite  occurs 
in  chunks  or  boulders  from  six  inches  to  a  foot  thick. 

Following  is  the  analysis  of  the  white  material  at 
the  top : 

Per  cent. 

Moisture    i 5.15 

Ignition  (combined  water  and  volatile  matter) 14.52 

Silica  42.40 

Alumina  36.21 

Ferric  oxide 0.45 

Lime  0.38 

Magnesia   0.53 

Potash  0.09 

Soda  0.08 

Phosphorus  pentoxide  0.20 

Titanium  dioxide  tr. 

Sulphur  trioxide tr. 

Total  100.01 

Following  is  the  analysis  of  the  waxy  material : 

Per  cent 

Moisture  6.84 

Ignition  (combined  water  and  volatile  matter) 13.84 

Silica 42.42 

Alumina  35.20 

Ferric    oxide    0.64 

Lime    0.34 

Magnesia   0.53 

Potash  0.23 

Soda  0.09 

Phosphorus   pentoxide   0.22 

Titanium  dioxide  and  sulphur  trioxide  traces 

Total   ^100.35 
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Following  are  Dr.  Peter's  comments:  ^^This  has  sub- 
stantially the  same  composition  as  the  white  material  of 
the  first  analysis.  The  analyses  are  close  to  those  of  the 
indianaiteof'E.  T.  Cox." 

An  analysis  of  the  hard  brownish  material  at  the 
bottom  is  as  follows: 

Per  cent. 

Moisture  13.65 

Ignition   (combined  water  and  volatile  matter) 20.92 

Silica  20.04 

Alumina   :  40.53 

Ferric   oxide   1.24 

Lime    0.36 

Magnesia 0.40 

.    Potash  0.31 

Soda    none 

Phosphorus   pentoxide   3.76 

Titanium  dioxide  tr. 

Sulphur   trioxide    0.27 

Total    , 101.47 

Dr.  Peter  comments  on  the  material  as  follows: 
''Possibly  a  mixture  of  bauxite  and  wavellite.  The  ma- 
terial is  interesting  and  deserves  further  study."* 

A  sample  from  this  deposit  gave  the  following  char- 
acteristics. Color,  when  ground  and  mixed,  yellowish- 
gray;  became  a  pinkish- white  with  dark  specks  when 
burned.  Taste,  lean  and  gritty.  Texture,  hard,  coarse- 
grained and  fine-grained  irregular.  When  ground  to 
30-mesh  and  mixed  with  25.0  per  cent  of  water,  it  made 
an  exceedingly  lean  paste,  almost  wholly  wanting  in 
plasticity.  This  paste  shrank  almost  none  in  drying, 
and  7.0  per  cent  in  burning  to  cone  7  (2,318  degrees  F.). 
At  cone  11  (2,462  degrees  F.)  there  was  no  indication  of 
vitrification  and  the  clay  remained  crumbly.  This  is  a 
good  grade  of  nearly  white-burning  refractory  clay,  but 
requires  the  addition  of  some  other  clay  to  give  proper 
bonding. 

Clay  No.  48.  This  clay  is  on  the  D.  H.  Johnson 
place,  four  miles  southeast  of  Brownsville,  Edmonson 
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county,  along  the  Brownsville  and  Bowling  Green  Road. 
Geological  position,  Kaskaskia. 

A  sample  of  this  clay  gave  the  following  character- 
istics. Color,  variegated,  yellow,  red  and  drab;  the  color 
w^as  drab  when  mixed ;  the  color  became  green  when 
burned.  Taste,  fat,  slightly  sour,  and  very  gritty.  Tex- 
ture, soft,  coarse-grained  and  fine-grained.  When 
ground  to  30-mesh  and  mixed  w^th  30.0  per  cent  of  water, 
it  made  a  plastic  paste,  that  required  exceedingly  slow 
drying  in  order  to  prevent  cracking.  The  clay  shrank 
8.0  per  cent  in  drying  and  5.0  per  cent  more  when  vitri- 
fied, giving  a  total  shrinkage  of  13.0  per  cent.  The  air- 
uiled  mud  had  a  tensile  strength  of  43.5  pounds  to  the 
square  Inch,  as  shown  by  two  tests  only,  each  giving  the 
same  strength.  Complete  vitrification  occurred  at  cone 
5  (2,246  degrees  F.).  This  clay  cracks  badly  in  burning 
and  has  very  little  value. 

Fayette  County. 

Clay  No.  47.  S.  W.  Wickline  Farm.  A  plastic  clay 
occurs  in  a  cut  along  the  C.  &  0.  R.  R.  two  miles  east  of 
Lexington,  Fayette  county,  on  the  farm  of  Mr.  S.  W. 
Wickline.  This  clay  is  a  residual  from  Eden  Shale,  rest- 
ing on  Lexington  Limestone,  and  show^s  a  thickness  of  six- 
teen feet. 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  yellow  and  green  with  black  spots ;  ground 
and  mixed,  the  color  was  brownish-yellow ;  burned,  dark 
red,  becoming  almost  brown  when  vitrified.  Taste,  fat 
and  a  little  gritty,  slightly  sour.  Texture,  soft,  rather 
coarse-grained,  irregular.  When  ground  to  30-mesh  and 
mixed  with  32.0  per  cent  of  water  it  made  a  plastic  paste, 
that  required  care  in  drying,  and  that  shrank  8.0  per  cent 
in  drying  with  an  additional  5.0  per  cent  when  vitrified, 
giving  a  total  shrinkage  of  13.0  per  cent.  Complete  vitri- 
fication occurred  at  cone  5  (2,246  degrees  F.).  This  is  a 
low-grade  eh\y. 

Fulton  County. 

Clay  No.  16.  This  clay  shows  a  thickness  of  thirty 
feet  and  occurs  along  the  Mississippi  River  bluffs  just 
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above  the  tracks  of  the  N.  C.  &  St.  L.  R.  R.  on  the  north 
side  of  the  town  of  Hickman,  Fulton  county.  Ky. 
This  is  Clay  No.  1  in  the  following  section : 

No.  9  Clay.    Greenish,    plastic    4  to    6  ft. 

No.  8  Clay.    Greenish,   sandy,   undulated 1  to  12  ft. 

No.  7  Clay.     Slate  colored,  hard,  containing  ferruginous 

streaks   3  ft. 

No.  6  Clay.    Greenish,    sandy,    soft 3  n. 

No.  6  Clay.    Greenish,    slightly   sandy,   soft 3  ft. 

No.  4  Clay.    Greenish,   sandy,  plastic  4   to  8  ft. 

No.  3  Clay.     Slate  colored,  hard,  containing  in  lower  eight 

inches  of  bed  small  veins  of  opalescent  quartz..6  to    8  ft. 

No.  2  Clay.    Grayish,    plastic    1  to    2  ft. 

No.  1  Clay.    Grayish,      semi-plastic,       with        ferruginous 

streaks;   upper  thirty  feet  sampled 60  ft. 

Geological  position,  Hickman  Formation,  Eocene  Se- 
ries, Tertiary  System. 

The  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  green  when  dry,  darker  green  when 
wet;  when  burned  to  cone  1  (2,102  degrees  F.),  it  became 
a  bright  yellow,  but  changed  to  dark  red  at  higher  tem- 
peratures. Texture,  soft,  fine-grained.  Taste,  fat  and 
no  grit.  When  ground  to  20-mesh  and  mixed  with  28.0 
per  cent  of  water,  it  made  a  very  fat  paste,  that  shrank 
9.0  per  cent  in  drying  and  6.0  per  cent  more  in  burning, 
giving  a  total  shrinkage  of  15.0  per  cent.  It  required 
very  slow  drying  and  cracked  badly  in  burning.  The  air- 
dried  mud  showed  a  tensile  strength  of  206  pounds  to 
the  square  inch,  as  the  average  of  four  tests,  with  a  max- 
imum strength  of  220  pounds.  This  is  a  low-grade  clay 
poorly  suited  to  the  manufacture  of  common  brick  and 
tile. 

Clay  No.  18.  This  is  Clay  No.  7  in  the  section  given 
above  under  Clay  No.  16.  The  sample  gave  the  following : 
Color,  pale  yellow  to  greenish-gray  when  dry,  and  green- 
ish-gray when  wet;  when  burned  to  cone  1  (2,102  degrees 
F.),  it  became  a  bright  yellow,  becoming  a  dark  red  at 
higher  temperatures.  When  ground  to  20-mesh  and 
mixed  with  22.0  per  cent  of  water,  it  made  a  plastic  paste, 
chat  shrank  8.0  per  cent  in  drying  and  4.0  per  cent  more 
m  burning,  giving  a  total  shrinkage  of  12.0  per  cent. 
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It  required  slow  drying.  The  tensile  strength,  as  shown 
by  the  average  of  sixteen  tests,  was  189.5  pounds  to  the 
square  inch,  with  a  maximum  strength  of  260.8  pounds. 
Vitrification  was  complete  at  cone  7  (2,318  degrees  F.). 
This  is  a  low-grade  clay. 

Clay  No.  20.  This  is  Clay  No.  6  in  the  section  given 
above  under  Clay  No.  16.  The  sample  gave  the  follow- 
ing characteristics:  Color,  green,  both  wet  and  dry;  it 
became  bright  yellow  when  burned  to  cone  1  (2,102  de- 
grees F.),  and  dark  red  at  higher  temperatures.  Taste, 
fairly  fat,  and  gritty. 

When  ground  to  20-mesh  and  mixed  with  20.0  per 
cent  of  water,  it  made  a  plastic  paste,  that  shrank  8.0 
per  cent  in  drying  and  2.0  per  cent  more  in  burning,  giv- 
ing a  total  shrinkage  of  10.0  per  cent.  The  tensile, 
strength,  as  shown  by  sixteen  tests,  averaged  172.8 
pounds  to  the  square  inch,  with  a  maximum  strength  of 
212  pounds.  Vitrification  not  complete  at  cone  7  (2,318 
degrees  F.).  This  is  a  low-grade  clay  very  like  Clay  No. 
18. 

Clay  No.  22.  This  represents  a  mixture  of  equal 
parts  of  Clav  No.  18  and  Clay  No.  20  an:!  gave  character- 
istics like  the  individual  members.  It  is  of  very  little 
commercial  value. 

Graves  County. 

Clay  No.  100.  Clav  from  near  Potterv,  operated  by 
W.  B.  Howard  &  Son,  eighteen  miles  southeast  of  May- 
field,  Graves  county,  Ky.,  on  the  Mayfield  and  Paris 
Road.    Thickness  ten  feet.    Base  of  Quaternarv. 

Sample  consisted  of  one  large  and  a  few  irregular 
sized  lumps,  with  some  fine  clay  material  of  ^ray  color. 
The  clay  contained  nodules  of  iron  oxide  and  pieces  of 
sandstone,  which  were  excluded. 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  100''   C 1.10 

Combined    water    6.25 

SiUca  68.54 

Alumina    19.92 

Ferric   oxide    0.80 

Ferrous    oxide    tr. 
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Per  cent. 
Calcium  oxide  tr. 

Magnesium    oxide    0.70 

Titanium    dioxide    1.20 

Potassium    oxide    1.66 

Sodium   oxide   0.24 

Sulphur   trioxide    none 

Phosphoric  acid  none 

Total   100.41 

Ratio  of  Silica  to  Alumina  and  Iron 3.30 

The  analysis  shows  that  this  clay  is  suitable  for 
making  Portland  Cement,  if  not  too  sandy.  It  should  be 
an  excellent  siliceous  fire  clay. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  almost  white;  burned  almost  white  up  to 
cone  1  (2,102  degrees  F.),  becoming  more  of  a  gray  at 
higher  temperatures.  Taste,  fat,  and  some  grit.  When 
ground  to  20-mesli  and  mixed  with  27.0  per  cent  of  water, 
it  made  a  very  plastic  paste,  that  shrank  5.0  per  cent  in 
drying  and  an  additional  9.0  per  cent  when  burned  to 
cone  9  (2,390  degrees  F.).  The  air-dried  mud  showed  a 
tensile  strength  of  only  25  pounds  to  the  square  inch. 
The  clay  burned  to  a  hard,  compact  body.  Incipient  vit- 
rification occurred  at  cone  7  (2,318  degrees  F.),  complete 
at  cone  11  (2,462  degrees  F.). 

This  is  a  high-grade  senji-refractory  clay. 

Clay  No.  120.  Wm.  P.  Arnett  Clay.  Exposed  on 
Panther  Creek,  Mayfield  and  Wadesboro  Road,  six  miles 
east  of  Mayfield,  Graves  county,  Ky.  Thickness,  four 
feet.    Base  of  Quaternary.    Stratified  drift. 

Sample  consisted  of  irregular  sized  lumps  of  light 
blue  clay  containing  considerable  sand. 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  100''  C 0.61 

Combined  water  7.16 

Silica  69.72 

Alumina   17.80 

Ferric    oxide    1.28 

Ferrous  oxide  0.43 

Calcium   oxide   tr. 


Kentucky  Geological  Survey  797 

Per  cent. 
Magnesium  oxide  0.90 

Titanium  dioxide  0.70 

Potassium  oxide  1.00 

Sodium   oxide   0.48 

Total   100.07 

Ratio  of  Silica  to  Alumina  and  Iron 3.56 

Bather  too  siliceous  for  making  Portland  Cement 
unless  the  sand  could  be  washed  out.  It  should  be  a  good 
siliceous  fire  clay. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  dark  gray;  burned  to  a  slightly  yellowish- 
gray.  Taste,  fat  and  smooth,  very  little  grit.  Texture, 
soft,  coarse  and  fine-grained.  When  ground  to  20-mesh 
and  mixed  with  29.0  per  cent  of  water,  it  made  a  plastic 
paste,  that  stood  rapid  drying,  and  that  shrank  6.0  per 
cent  in  drying  and  an  additional  7.0  per  cent  in  burning 
to  cone  9  (2,390  degrees  F.),  giving  a  total  shrinkage  of 
13.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  34  pounds  to  the  square  inch.  Incipient  vitri- 
fication occurred  at  cone  5  (2,246  degrees  F.),  complete 
at  cone  10  (2,426  degrees  F.). 

This  is  a  high-grade  semi-refractory  clay. 

Kentucky  Construction  &  Improvement  Company 
Clays.  This  firm  is  located  at  Mayfield,  Graves  county, 
Ky.  They  have  a  bank  of  plastic  clay  thirty-two  feet 
thick,  with  a  heavy  strata  of  lignite  covering  the  whole. 
The  clay  is  not  in  beds,  but  is  in  one  solid  bank,  divided 
into  stratas  as  follows: 

strata  No.  2 3  ft.  thick.  (Clay  No.  155.) 

Strata  No.  3 3  ft.  thick.  (No.  sample.) 

strata  No.  4 4  ft.  thick.  (Clay  No.  156.) 

Strata  No.  5 4  ft.  thick.  (Clay  No.  158.) 

Stratas  No.  1  and  No.  6  are  included  in  the  thirty- 
two  feet,  but  no  samples  of  these  were  received. 

Clay  No.  155.  (Chemist's  No.  3307.)  ^^ Ball-clay 
sent  by  the  Kentucky  Construction  &  Improvement  Com- 
pany, of  Mayfield,  Graves  county,  Ky.  Oliver  No.  2; 
strata  No.  2  is  three  feet  thick." 
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The  sample  consisted  of  about  twenty-five  pounds  of 
rather  large  sized  lumps  of  gray  clay  having  a  soapy  feel 
and  containing  some  streaks  of  lignite. 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  100°   C 2.13 

Combined  water,  etc 11.66 

Silica  61.92 

Alumina   30.36 

Ferric   oxide    1.60 

Ferrous  oxide  tr. 

Calcium  oxide  0.31; 

Magnesium  oxide  tr. 

Potassium  oxide  1.28 

Sodium   oxide   0.45 

Titanium  dioxide  1.00 

Sulphur  trioxide  none 

Total    100.72 

The  analysis  shows  that  this  clay  should  be  quite  re- 
fractory, and  tests  made  in  the  blow-pipe  flame  showed 
that  the  clay  was  infusible  at  that  temperature. 

The  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  light  gray;  burned  nearly  white  at  cone 
6  (2,282  degrees  F.),  becoming  more  of  a  gray  at  higher 
temperatures.  Taste,  fat  and  smooth.  Texture,  soft, 
fine-grained,  massive,  uniform.  When  ground  to  20-mesh 
and  mixed  with  44.0  per  cent  of  water,  it  made  an  ex- 
ceedingly plastic  paste,  that  stood  rapid  drying,  and  that 
shrank  7.0  per  cent  in  drying  and  an  additional  10.0  per 
cent  when  vitrified,  giving  a  total  shrinkage  of  17.0  per 
cent.  The  air-dried  mud  showed  a  tensile  strength  of  60 
pounds  to  the  square  inch,  as  the  average  of  eight  tests, 
with  a  maximum  strength  of  78  pounds.  Incipient  vitri- 
fication occurred  at  cone  2  (2,138  degrees  F.),  complete 
at  cone  7  (2,318  degrees  F.).  It  burned  to  a  hard,  com- 
pact body.  This  is  an  excellent  clay  and  should  make  a 
superior  grade  of  pressed  brick. 

Clay  No.  156.  (Chemist's  No.  3308.)  ^'Ball-clay 
sent  by  the  Kentucky  Construction  &  Improvement  Com- 
pany, of  Mayfield,  Graves  county,  Ky.  Oliver  No.  4; 
thickness  of  strata,  four  feet." 
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The  sample  consisted  of  rather  large  sized  lumps  of 
gray  clay  having  a  soapy  feel  and  containing  some 
lignite. 

Analysis  of  Air-dried  Sample: 

Per  ceat. 

Moisture  at  100''   C 1.45 

Combined  water,  etc 10.74 

Silica  -....  57.72 

Alumina   24.84 

Ferric   oxide   1.44 

Ferrous  oxide  tr. 

Calcium  oxide  0.38 

Magnesium   oxide    tr. 

Potassium   oxide    0.92 

Sodium   oxide   0.28 

Titanium  dioxide 2.20 

Sulphur   trioxide    tr. 

Total   99.97 

The  analysis  shows  that  this  is  a  very  refractory 
clay.    It  was  infusible  in  the  blow-pipe  flame. 

The  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  gray;  burned  almost  white.  Taste,  fat, 
and  smooth.  Texture,  soft,  fine-grained,  compact,  uni- 
form. When  ground  to  20-mesli  and  mixed  with  40.0  per 
cent  of  water,  it  made  a  very  plastic  paste,  that  stood 
rapid  drying,  and  that  shrank  5.0  per  cent  in  drying  and 
8.0  per  cent  more  when  vitrified,  giving  a  total  shrinkage 
of  13.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  54  pounds  to  the  square  inch,  as  the  average 
of  six  tests,  with  a  maximum  strength  of  67  pounds. 
Incipient  vitrification  occurred  at  cone  1  (2,102  degrees 
F.),  complete  at  cone  9  (2,390  degrees  F.).  It  burned  to 
a  hard,  compact  body,  and  should  be  well  suited  to  the 
manufacture  of  a  beautiful  pressed  brick. 

Clay  No.  158.  (Chemist's  No.  3310.)  ^'Ball-clay 
sent  by  the  Kentucky  Construction  &  Improvement  Com- 
pany, of  Mayfield,  Graves  county,  Ky.  Oliver  No.  5; 
five  feet  thick." 

The  sample  consisted  of  rather  large  sized  lumps 
of  light-colored  clay,  having  a  soapy  feel.  No  lignite  ob- 
served in  the  sample. 
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Analysis  of  Air-dried  Sample: 
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•  -  • 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  100**  C 1.91 

Combined  water,  etc 12.40 

Silica    ^ 49.32         » 

Alumina   32.64 

Ferric    oxide    1.44 

Ferrous  oxide  tr. 

Calcium    oxide    0.34 

Magnesium  oxide  tr. 

Potassium    oxide    1.03 

Sodium   oxide   0.29 

Titanium  dioxide  1.00 

Sulphur  trioxide  tr. 

Total   100.37 

The  analysis  shows  that  this  should  be  a  very  re- 
fractory clay,  probably  more  so  than  either  of  the  other 
samples.    It  was  infusible  in  the  blow-pipe  flame. 

The  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  gray;  burned  almost  white  at  cone  1 
(2,102  degrees  F.),  turning  to  gray  at  higher  tempera- 
tures. Taste,  fat,  and  smooth.  Texture,  soft,  fine-grained, 
compact  and  uniform.  When  ground  to  20-mesh  and 
mixed  with  48.0  per  cent  of  water,  it  made  a  very  plastic 
paste,  that  stood  rapid  drying,  and  that  shrank  5.0  per 
cent  in  drying  and  an  additional  10.0  per  cent  when  vit- 
rified, giving  a  total  shrinkage  of  15.0  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  51  pounds  to 
the  square  inch,  as  the  average  of  ten  tests,  w^ith  a  max- 
imum strength  of  63  pounds.  Incipient  vitrification  oc- 
curred at  cone  01  (2,066  degrees  F.),  complete  at  cone 
6  (2,282  degrees  F.).  It  burned  to  a  good  body.  This 
should  make  an  excellent  pressed  brick. 

Clay  No.  10.  Mr.  P.  Burnett  Place.  A  sample  of 
this  clay  was  brought  and  represents  the  upper  fifteen 
inches  of  a  bed  reported  to  be  from  nine  to  twenty  feet 
thick.  It  occurs  on  the  farm  of  Mr.  P.  Burnett  three  milea 
northeast  of  Mayfield,  Graves  county,  Ky.  The  geolog- 
ical  position  is  Wilcox  Formation,  Eocene  Series,  Ter- 
tiary System. 


geo.  26. 
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When  tested,  this  clay  gave  the  following  charac- 
teristics :  Color,  when  dry,  nearly  white,  becoming  light 
gray  when  wet;  burned  to  cone  1  (2,102  degrees  F.),  the 
color  was  nearly  white  with  a  slightly  pinkish  tint,  be- 
coming a  muddy  cream  up  to  cone  6  (2,282  degrees  F.), 
and  gray  at  higher  temperatures.  This  is  a  soft,  fine- 
grained, uniform  clay  that  left  a  few  sharp,  clear  quartz 
grains  on  the  100-mesh  sieve  after  disintegration  by  pro- 
longed shaking  in  water. 

When  ground  to  20-mesh  and  mixed  with  29.0  per 
cent  of  water,  it  made  an  exceedingly  plastic  paste,  that 
shrank  7.0  per  cent  in  drying  and  a  like  amount  in  burn- 
ing, giving  a  total  shrinkage  of  14.0  per  cent.  The  ten- 
sile strength,  as  shown  by  the  average  of  two  tests  only, 
was  48.4  pounds  to  the  square  inch,  with  a  maximum 
of  52  pounds.  Incipient  vitrification  occurred  at  cone  7 
(2.318  degrees  F.),  complete  at  cone  10  (2,426  degrees 

F.). 

This  clay  will  make  beautiful  pinkish  white  brick  if 
burned  at  low  temperatures. 

Grayson  County. 

Clay  No.  126.  The  Garten  Petty  Place.  Mr.  Petty 's 
farm  is  just  west  of  the  I.  C.  R.  R.,  one-half  mile  north 
of  Big  Clifty.  About  one  hundred  yards  west  of  the 
railroad,  on  the  southern  part  of  the  farm,  there  is  a 
small  spring  which  issues  above  a  deposit  of  impure, 
plastic  clay.  The  exposure  is  very  slight  in  its  vertical 
extent,  but  shows  at  various  places  around  a  large  hill. 

The  following  is  the  section  here : 

1.  Brown  sandstone  25      ft. 

2.  Drab,  plastic  clay  3%  ft. 

3.  Gray   limestone   10      ft. 

4.  Big  Clifty  sandstone  (covered). 

This  clay  does  not  present  a  favorable  appearance, 
being  a  mixture  of  clay,  soil  and  organic  matter  near 
the  top.  This  clay  might  be  used,  however,  for  low-grade 
earthenware,  etc.* 


•Ky.  Geol.   Surv.,    Bull.   No.  6,    p.  62. 
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A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  green;  burned  dark  red.  Taste,  fat,  very 
little  grit.  When  ground  to  20-mesh  and  mixed  with  24.0 
per  cent  of  water,  it  made  a  plastic  paste,  that  stood  a 
fair  rate  of  drying,  and  that  shrank  10.0  per  cent  in  dry- 
ing and  an  additional  5.0  per  cent,  when  vitrified,  giving 
a  total  shrinkage  of  15.0  per  cent.  The  tensile  strength 
was  rather  low.  Complete  vitrification  occurred  at  cone 
01  (2,066  degrees  F.).  This  is  a  common  brick  clay  of 
fair  quality. 

Grant  County. 

Clay  No.  90.  (Chemist's  No.  3133.)  Clay  from  first 
railroad  cut  north  of  Mason,  Grant  county,  Ky.  Upper 
Utica.  Average  sample  of  yellow  calcareous  shale,  con- 
taining fire-clay  material.    Fusible  before  the  blow-pipe. 

Analysis  of  Air-Dried  Sample. 

Per  cent 

Moisture 2.00 

Combined  water  and  COj 9.01 

SiUca 52.50 

Alumina  16.87 

Ferric  oxide  5.28 

Ferrous  oxide  1.01 

Lime  3.04 

Magnesium  Oxide   2.06 

Potassium  oxide  5.67 

Sodium   oxide   1.44 

Titanium  dioxide  0.50 

Sulphur  trioxide  none 

Phosphoric  acid  0.33 

Total    99.71 

Ratio  of  iron  and  alumina  to  silica 2.22 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  green ;  burned  to  dark  reddish  brown  when 
vitrified  and  almost  black  when  fused.  Taste,  fat,  and 
rather  free  from  grit.  When  ground  to  20-mesh  and 
mixed  with  34.0  per  cent  of  water,  it  made  a  plastic 
paste,  that  stood  moderately  rapid  drying,  and  that 
shrank  8.0  per  cent  in  drying  and  5.0  per  cent  more  when 
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vitrified,  giving  a  total  shrinkage  of  13.0  per  cent.  The 
air-dried  nmd  showed  a  tensile  strength  of  74  pounds 
to  the  square  inch,  only  one  test  being  made,  but  this  gave 
a  good  fracture.  The  clay  was  fully  vitrified  at  cone  01 
(2,066  degrees  F.),  and  reached  viscosity  at  cone  5  (2,246 
degrees  F.).    This  is  a  low-grade  clay. 

Green  County. 

Clay  No.  102.  (Chemist ^s  No.  3144.)  ^^One  mile 
cast  of  Powder  Mills.  Top  St.  Louis.  Bayler  Perkins  & 
John  Dobson — fourteen  acre  lake." 

Sample  consisted  of  borings  of  yellow  clay  contain- 
ing some  white  clay  and  some  particles  of  iron  oxide. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100''  C 1.95 

Combined  water 6.21 

Silica  66.68 

Alumina  15.38 

Ferric  oxide  5.76 

Ferrous  oxide none 

Calcium  oxide  0.16 

Magnesium  oxide  - 1.63 

Titanium  dioxide 0.50 

Potassium  oxide 1.85 

Sodium  oxide 0.31 

Sulphur  trioxide  none 

Phosporic  acid   none 

Total  100.43 

The  analysis  shows  that  the  composition  is  right  for 
a  Portland  Cement  clay.  It  is  fusible  in  the  blow-pipe 
flame. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  yellow;  burned  to  a  dark  red  when  vitri- 
fied. Taste,  fat,  and  gritty.  Texture,  soft  and  coarse- 
grained. When  ground  to  20-mesh  and  mixed  with  25.0 
per  cent  water,  it  made  a  plastic  paste,  that  shrank  7.0 
per  cent  in  drying  and  8.0  per  cent  additional  when  vitri- 
fied, giving  a  total  shrinkage  of  15.0  per  cent.  The  air- 
dried  mud  showed  a  tensile  strength  of  138  pounds  to  the 
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square  inch.  Incipient  vitrification  occurred  at  cone  2 
(2,138  degrees  F.),  complete  at  cone  7  (2,318  degrees 
F.).    This  is  a  good  common-brick  and  tile  clay. 

Hart  County. 

Clay  No.  9.  The  Moss  Kaolin  Field.  What  is  here 
termed  the  ^*Moss  Kaolin  Field  ^'  is  an  area  of  several 
thousand  acres  in  which  kaolin  outcroppings  and  expos- 
ures are  found.  It  is  so  designated  because  the  most  im- 
portant and  original  exposure  is  on  the  land  of  Mr.  Philip 
Moss. 

Over  this  field  we  find  the  Conglomerate  Sandstone 
immediately  above  the  clay  and  the  St.  Louis  Limestone 
only  a  few  feet  below\ 

Mr.  Moss  lives  on  a  neighborhood  road  to  Bonnie- 
ville,  about  five  miles  southeast  of  that  town.  On  his 
farm  there  are  two  important  exposures.  The  first  is 
just  west  of  his  house,  and  here  a  semi-circular  pit  has 
been  dug  about  one  hundred  feet  long  and  ten  feet  deep, 
which  gives  a  good  exposure  of  the  deposit. 

The  following  is  a  section  here : 

Conglomerate    sandstone    20      ft. 

Pink  clay  and  ochre 4      in. 

Very  white  kaolin  8      in. 

Brown  stained  kaolin 13       ft. 

Coal   3%  in. 

Fire  clay  ? 

The  St.  Louis  Limestone  evidently  occurs  only  a 
short  depth  below  the  under  clay,  called  ''fire  clay,''  as 
shown  by  its  level  at  other  places.  It  is  not  exposed  at 
this  point. 

Experiments  have  proven  this  white  kaolin  to  be  an 
excellent  quality  of  clay  for  the  manufacture  of  fine  china 
ware  and  porcelain. 

Following  is  an  analysis  of  the  unwashed  kaolin  from 
the  shaft  on  the  Philip  Moss  place: 
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Per  cent 

Moisture   ^ 2.39 

Ignition  ^ 12.68 

Silica 48.09 

Alumina  34.66 

Ferric  oxide  0.78 

Lime  0.27 

Magnesia  0.23 

Potash 0.74 

Soda  0.30 

Titanic  oxide  0.25 

Total  100.39 

The  foregoing  analysis  is  of  an  average  sample  from 
exposure  No.  1. 

Following  is  an  analysis  of  an  average  sample  taken 
from  the  long  pit.  Sample  mostly  white,  soft  and  very 
porous.    One  piece  was  much  stained  by  iron. 

Analysis  of  Air   Dried   Sampie. 

Per  cent. 

Moisture  2.71 

Ignition  16.69 

Silica  42.32 

Alumina  36.92 

Ferric  oxide  0.62 

Lime  0.21 

Magnesia  0.08 

Potash  0.47 

Soda  0.18 

Titanic  oxide  tr. 

Sulphuric  anhydride  tr. 

Total  100.25(*) 

A  sample  of  this  clay  contained  pure-white  kaolin, 
pink  kaolin  and  ochre.  (For  tests  of  the  pure-white  kao- 
lin see  Clay  No.  24,  following.) 

This  sample,  when- ground  and  mixed,  gave  the  fol- 
lowing characteristics:  Color,  when  dry,  reddish-pink 
with  white,  black  and  red  specks;  darker  red  when  wet; 
when  burned  to  cone  1  (2,102  degrees  F.),  the  color  had 
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changed  but  little  from  what  it  was  when  dry;  at  cone 
6  (2,282  degrees  F.),  the  color  was  pale  pink  with  white 
specks;  at  cone  9  (2,390  degrees  F.),  the  color  was  mot- 
tled gray  with  white  and  black  specks.  Taste,  somewhat 
fat,  and  free  from  grit.  Texture,  soft,  fine-grained  and 
massive. 

When  ground  to  20-mesh  and  mixed  with  48.0  per 
cent  of  water,  it  made  a  somewhat  plastic  paste,  that 
stood  rapid  drying,  and  that  shrank  6.0  per  cent  in  dry- 
ing and  17.0  per  cent  more  in  burning,  giving  a  total 
shrinkage  of  23.0  per  cent.  The  tensile  strength,  as  shown 
by  the  average  of  twelve  tests,  was  67.3  pounds  to  the 
square  inch,  with  a  maximum  strength  of  85.1  pounds. 
There  was  no  evidence  jaf  vitrification  at  cone  9  (2,390 
degrees  F.). 

The  color  of  this  mixture  is  very  bad  and  it  would 
not  have  any  value  for  high-grade  chinaware. 

Clay  No.  24.  White  Kaolin.  This  represents  the 
pure-white  portion  of  the  sample  just  described  under 
Clay  No.  9,  and,  in  sufficient  quantity,  it  would  be  one 
of  the  very  best  grades  of  kaolin  for  the  manufacture  of 
fine  chinaware  and  porcelain,  but  the  deposit  is  not  of 
such  extent  as  to  be  of  value  commercially. 

The  sample  gave  the  following  characteristics: 
Color,  pure  white,  remaining  so  at  all  temperatures. 
Taste,  somewhat  fat  and  no  grit.  When  ground  to  20- 
mesh  and  mixed  with  68.0  per  cent  of  water,  it  made  a 
fair  paste,  that  shrank  7.0  per  cent  in  drying  and  only 
5.0  per  cent  more  in  burning  to  cone  9  (2,390  degrees  F.), 
giving  a  total  shrinkage  of  12.0  per  cent.  The  tensile 
strength,  as  shown  by  a  single  test  of  the  air-dried  mud, 
was  69.1  pounds  to  the  square  inch.  This  is  a  highly  re- 
fractory clay. 

Clay  No.  25.  Kaolin  from  the  S.  J.  Murray  Place. 
The  farm  of  Mr.  S.  J.  Murray  is  on  a  country  road  or 
**Shun  Pike,''  from  Bonnieville  to  Munfordville,  three 
miles  from  Bonnieville. 

A  valuable  deposit  of  kaolin  has  been  exposed  on  this 
place  by  a  shaft  about  fifteen  feet  deep.  The  section  here 
is  as  follows : 
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Soil ..: 2  ft 

Soil,  sand  and  clay 3  ft. 

Stained  kaolin   3  ft.  10  In. 

White  kaolin  ..., 1  ft. 

Stained   kaolin  «.  0        10  in. 

No  limestone  nor  sandstone  is  exposed  at  this  point, 
but,  according  to  aneroid  readings,  the  deposit  is  just 
above  the  St.  Louis  Limestone.  The  clay  termed  * '  stained 
kaolin"  is  slightly  colored  yellowish  with  iron  oxide; 
probably  not  to  such  an  extent,  however,  that  it  cannot 
be  washed  white,  or  will  not  burn  white.  These  purest 
white  layers  contain  no  injurious  impurities  and  require 
no  admixture  of  foreign  material  in  order  to  make  it 
suitable  for  the  manufacture  of  fine  porcelain  or  china- 
ware. 

The  hillsides  over  an  area  of  four  or  five  acres  show 
signs  of  this  deposit. 

Following  is  an  analysis  of  the  unwashed  clay. 

Per  cent. 

Moisture   2.99 

Ignition   14.80 

Silica   43.31 

Alumina    37.93 

Ferric  oxide  0.32 

Lime  0.23 

Magnesia  0.13 

.  Potash  0.25 

Soda 0.12 

Titanic  oxide  0.10 

Sulphuric  anhydride  A  trace. 

.   Total  100.18 

The  sample  of  which  the  analysis  was  made  showed 
much  iron  stain.  Some  of  the  pieces  were  rather  hard 
and  greenish-white.  ^    ._  ,., 

Commenting  upon  the  samples  analyzed  from  the 
Moss  and  Murray  places.  Dr.  Peter  says:  ^* These  ought 
to  be  fine  porcelain  clays,  as  they  have  nearly  the  same 
composition  as  kaolin.  Possibly  they  might  be  used  as 
fuller's  earth,  but  this  could  only  be  determined  by  a 
practical  test.''   He  also  noted  that  the  white  pieces  are 
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perfectly  infusible,  even  in  the  finest  splinters,  in  the 
blow-pipe  flame.*  . 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  when  mixed,  yellowish-gray,  both  wet  and 
dry;  burned  to  cone  1  (2,102  degrees  F.),  the  color  was 
whitish-pink,  becoming  speckled,  very  light-gray  at 
higher  temperatures.  Taste,  lean  and  no  grit.  Texture, 
soft,  and  fine-grained.  When  disintegrated  by  prolonged 
shaking  in  water,  no  detritus  remained  on  the  100-mesh 
sieve. 

Wlien  ground  to  20-mesh  and  mixed  with  45.0  per 
cent  of  water,  it  made  a  fairly  jjlastic  paste,  that  shrank 
6.0  per  cent  in  drying  and  19.0  per  cent  more  in  burning, 
giving  a  total  shrinkage  of  25.0  per  cent.  The  air-dried 
mud  showed  a  tensile  strength  of  44.7  pounds  to  the. 
square  inch,  as  the  average  of  twelve  tests,  with  a  maxi- 
mum strength  of  53.2  pounds.  There  was  no  indication 
of  vitrification  at  cone  9  (2,390  degrees  F.). 

The  color  of  the  mixture  is  not  satisfactory  and  it 
has  been  proven  that  the  deposit  is  of  limited  extent, 
having  no  commercial  value. 

Clay  No.  150.  The  Albert  Hodges  Place.  Mr.  Al- 
bert Hodges'  farm  is  near  the  Munfordville  and  Price- 
ville  Eoad,  about  four  miles  northwest  of  Mundfordville, 
and  two  miles  west  of  Dividing  Ridge. 

Tliere  is  a  clay  exposure  on  this  place  at  which  the 
following  section  was  taken : 

1.  Soil  and  vegetation  3  ft. 

2.  Yellow,  plastic  clay  2  ft. 

3.  Dark   clay   2  ft. 

4.  Covered. 

The  thickness  of  this  dark  clay  below  is  not  known, 
but  it  probably  is  three  or  four  feet.  A  thorough  ex- 
amination could  not  be  made  on  account  of  the  exposure 
being  along  a  spring  branch  where  water  interfered. 
The  plastic  clay  is  of  good  quality,  so  far  as  the  body  of 
the  material  is  contained,  but  contains  a  considerable 
percentage  of  iron  and  magnesia,  perhaps.f 
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A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  yellowish-green;  burned  to  a  dark  red. 
Taste,  fat,  and  very  little  grit.  When  ground  to  20-mesh 
and  mixed  with  29.0  per  cent  of  water,  it  made  a  plastic 
paste,  that  required  slow  drying,  and  that  shrank  7.5  per 
cent  in  drying  and  a  like  amount  additional  when  vitri- 
fied, giving  a  total  shrinkage  of  15.0  per  cent.  The  air- 
dried  mud  showed  a  tensile  strength  of  105  pounds  to 
the  square  inch,  as  the  average  of  six  tests,  with  a  maxi- 
mum strength  of  112  pounds.  Incipient  vitrification  oc- 
curred at  cone  01  (2,066  degrees  F.),  complete  at  cone  6 
(2,282  degrees  F.).  It  burned  to  a  hard,  compact  body 
and  should  make  good  conduit,  tile,  conunon  brick,  etc. 

Clay  No.  144.  The  J.  H.  Priddy  Place.  Mr.  J.  H. 
Priddy  lives  about  four  miles  west  of  Bonnieville  on  a 
neighborhood  road  connecting  from  Bonnieville  with  the 
Upton  and  Priceville  Road. 

A  clay  deposit  is  exposed  here  as  a  rim  around  the 
top  of  a  high  knob  known  as  ** Priddy 's  Knob."  The 
clay  is  plastic  near  the  top,  but  becomes  lighter  in  color 
and  more  like  kaolin  towards  the  bottom. 

The  following  is  a  section  at  a  shaft  on  the  side  of 
the  knob : 

Conglomerate  pebbles  and  soil  2      ft. 

Drab  clay,  purer  downwards 8      ft. 

Brown  stained  kaolin  2%  ft. 

Clay  and  oxide  of  managese 1%  ft. 

This  is  quite  an  extensive  deposit  of  clay  and  doubt- 
less a  valuable  one.  Although  it  is  probable  that  this 
clay  could  not  be  washed  to  a  sufficient  degree  of  purity 
for  the  manufacture  of  fine  china,  yet  it  is  of  excellent 
quality  for  a  low-grade  pottery,  tiling,  etc.* 

A  sample  of  this  clay  gave  the  following  character- 
tics:  Color,  when  mixed,  green;  burned  to  a  reddish- 
speckled-brown.  Taste,  fat,  and  somewhat  gritty.  When 
ground  to  20-mesh  and  mixed  with  35.0  per  cent  of  water, 
it  made  an  exceedingly  plastic  paste,  that  stood  rapid 
drying,  and  that  shrank  7.5  per  cent  in  drying  and  an 
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additional  5.0  per  cent  in  burning,  giving  a  total  shrink- 
age of  12.5  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  60  pounds  to  the  square  inch,  as  the  average 
of  nine  tests,  with  a  maximum  strength  of  78  pounds.  In- 
cipient vitrification  occurred  at  cone  4  (2,210  degrees  F.), 
complete  at  cone  7  (3,318  degrees  F.).  This  clay  will 
make  common  brick,  drain  tile,  etc.,  of  a  good  quality. 

Clay  No.  143.  The  James  A.  Hodges  Place.  One 
characteristic  of  the  white  clays  of  this  section  is  that 
they  break  up  into  small  angular  pieces  when  exposed  to 
the  weather.  These  pieces  are  often  found  over  the  sur- 
face and  mixed  with  the  soil  above  a  kaolin  deposit,  and 
are  known  as  *  *  outcroppings. ' ' 

Nice  outcroppings  of  kaolin  are  found  on  the  farm 
of  Mr.  James  A.  Hodges,  near  the  Bonnieville  and  Mun- 
fordville  Koad,  two  miles  east  of  Bonnieville.  On  this 
farm  there  is  a  hollow  two  or  three  hundred  yards  long 
which  shows  these  particles  of  clay  around  the  inclosing 
hills.  They  occur  in  a  belt,  with  a  perpendicular  thick- 
ness of  about  eight  feet.  No  pits  nor  borings  have  been 
made  into  the  deposit,  but  the  indications  are  very  flat- 
teringly in  favor  of  a  nice  deposit  here. 

The  small  pieces  are  of  fine  quality  and  very  similar 
to  the  material  found  at  other  places  in  the  field.  The 
deposit  is  at  the  base  of  the  Conglomerate  Sandstone  and 
here  the  following  section  was  taken : 

1.  Covered,  Conglomerate  pebbles  and  soil 

2.  Kaolin,    "outcroppings"    8  ft 

3.  Covered 30  ft. 

4.  Limestone,  covered   (St.  Louis). 

An  analysis  of  this  clay  (unwashed)  is  as  follows: 

Per  cent 

Moisture   3.77 

Ignition  (combined  water  and  volatile  matter) 15.76 

Silica  37.86 

Alumina  35.94 

Ferric  oxide  3.92 

Lime  0.74 

Magnesia 0.35 

Potash  ^  0.37 
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Per  cent 

Soda    0.08 

Phosphorus  pentoxide  0.26 

Sulphur  trioxide  and  titanium  dioxide  traces 

Total    99.05 

Dr.  Peter  makes  the  following  comments  on  the 
analysis :  '*Tlie  proportion  of  iron  is  rather  large  in  this 
clay.  It  could  no  doubt  be  used  with  more  sandy  material 
to  produce  terra  cotta  of  very  delicate  shades."* 

A  sample  of  this  clay  gave  the  following  character- 
tics:  Color,  when  mixed,  yellow;  burned  to  a  beautiful 
tint  of  pink  to  cone  7  (2,318  degrees  F.),  above  which 
temperature  it  became  a  grayish-white.  Taste,  lean,  and 
gritty.  When  ground  to  20-mesh  and  mixed  with  40.0 
per  cent  of  water,  it  made  a  lean  paste,  that  shrank  5.0 
per  cent  in  drjing  and  an  additional  10.0  per  cent  when 
burned  to  cone  9  (2,390  degrees  F.),  giving  a  total  shrink- 
age of  1 5.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  37  pounds  to  the  square  inch,  as  the  average 
of  eight  tests,  w^ith  a  maximum  strength  of  46  pounds. 
There  was  no  indication  of  vitrification  at  cone  11  (2,462 
degrees  F.).  It  burned  to  a  sandy  body.  This  is  a  re- 
fractory clay  that  would  make  a  beautiful  pink  terra 
cotta  or  pressed  brick. 

Clay  No.  141.  The  C.  E.  Logsdon  a^d  E.  T.  Child- 
ers  Places.  These  places  are  on  the  Cub  Run  and  Price- 
ville  Road,  about  ten  miles  west  of  Dividing  Ridge,  Ilart 
county,  Ky. 

A  sample  of  this  clay  was  labeled  ^^ yellow  plastic 
clay,  C.  E.  Logsdon;  drab  clay,  E.  T.  Childers."  Geo- 
logical position  as  given  by  the  collector  was  ''Base  of 
BigClifty.'' 

This  sample  gave  the  following  characteristics: 
Color,  when  ground  and  mixed,  green  with  slight  yellow- 
ish tint;  burned  yellow  at  cone  1  (2,102  degrees  F.),  and 
brown  at  higher  temperatures.  Taste,  fat,  some  grit. 
When  ground  to  20-mesh  and  mixed  with  29.0  per  cent  of 
water/  it  made  a  plastic  paste,  that  stood  rapid  drying, 
and  that  shrank  7.5  per  cent  in  drying  and  a  like  amount 
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when  vitrified,  giving  a  total  shrinkage  of  15.0  per  cent* 
The  air-dried  mud  showed  a  tensile  strength  of  68 
pounds  to  the  square  inch,  as  the  average  of  seven  tests, 
with  a  maximum  strength  of  120  pounds.  Complete 
vitrification  occurred  at  cone  2  (2,138  degrees  F.),  with 
very  little  change  at  cone  6  (2,282  degrees  F.).  This  is 
a  common-brick  and  drain-tile  clay. 

Clay  No.  137.  The  George  Knight  Place.  This  place 
is  four  miles  east  of  Bonnieville  on  a  neighborhood  road 
from  Bonnieville  to  Frenchman's  Knob. 

The  exposure  here  is  on  the  side  of  a  large  hill. 
About  two  feet  from  the  top  of  the  deposit  there  issues 
a  small  spring,  and  the  drab  plastic  clay  is  exposed  two 
or  three  feet  on  down  below  the  spring. 

Small  gullies  around  the  same  hill  and  adjacent  hills 
show  very  similar  exposures.  The  following  is  the  sec- 
tion here: 

1.  Soil  and  pebbles  4  ft. 

2.  Drab,  plastic  clay  2  ft. 

Spring. 

3.  Drab,  plastic  clay  3  ft. 

4.  Covered. 

Probably  a  vahiable  clay  for  drain  tiles,  water  con- 
duits, sewers,  etc.* 

A  sample  of  this  drab  clay  gave  the  following  char- 
acteristics :  Color,  when  mixed,  yellowish-green ;  burned 
to  dark  red.  Taste,  fat,  and  gritty.  When  ground  to  20- 
mesh  and  mixed  with  25.0  per  cent  of  water,  it  made  a 
mildly  plastic  paste,  that  shrank  10.0  per  cent  in  drying 
and  3.0  per  cent  when  vitrified,  giving  a  total  shrinkage 
of  13.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  81  pounds  to  the  square  inch,  as  the  average 
of  seven  tests,  with  a  maximum  strength  of  107  pounds. 
It  burned  to  a  hard,  compact  body,  fully  vitrified  at  cone 
7  (2  318  degrees  F.).  Incipient  vitrification  occurred  at 
cone  4  (2,210  degrees  F.). 

This  is  a  good  clay  for  the  uses  suggested  above. 

Clay  No.  136.  The  J.  J.  Hodges  Place.  A  deposit 
of  impure  yellowish  kaolin  is  found  on  this  farm,  but 
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is  quite  limited  in  quantity.  This  farm  is  on  the  Bonnie- 
ville  and  Cub  Kun  Eoad,  four  miles  southeast  of  Bon- 
nieville.  The  deposit  here  is  only  about  one  foot  thick 
and  is  exposed  in  a  large  gully  which  cuts  through  the 
Conglomerate  down  to  the  St.  Louis.  The  following 
section  was  taken  here  on  the  side  of  a  long  ridge : 

1.  Conglomerate   sandstone   20  ft. 

2.  Yellowish  kaolin  1  ft. 

3.  Covered  (red  sand)  10  ft 

4.  St.  Louis  limestone. 

The  clay  seems  to  be  a  good  quality  of  kaolin  and 
could  possibly  be  washed  white,  but  it  is  not  in  suflScient 
quantity  to  be  of  commercial  interest.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pale  yellow  when  mixed;  burned  to  a 
pinkish-white  up  to  cone  7  (2,318  degrees  F.),  becoming 
grayish-white  at  higher  temperatures.  When  ground  to 
20-mesh  and  mixed  with  44.0  per  cent  of  water,  it  made 
a  lean  paste,  that  shrank  10.0  per  cent  in  drying  and  11.0 
per  cent  more  when  vitrified,  giving  a  total  shrinkage 
of  21.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  44  pounds  to  the  square  inch.  Incipient  vitri- 
fication occurred  at  cone  6  (2,282  degrees  F.),  complete  at 
cone  11  (2,462  degrees  F.).  It  burned  to  a  hard,  com- 
pact body  that  would  make  a  beautiful  pinkish-white 
pressed  brick. 

Clay  No.  135.  The  James  Riggs  Place.  Mr.  Riggs 
lives  near  the  Bonnieville  and  Priceville  Road,  about 
three  miles  west  of  Bonnieville. 

On  this  farm  there  is  an  exposure  of  plastic  clay  of 
good  quality.  Around  a  large  hill  east  of  his  home,  there 
are  exposures  of  what  seems  to  be  an  extensive  deposit 
of  clay.  There  is  something  like  the  following  section 
here: 

1.  Hill,  covered  with  soil  and  sand. 

2.  Drab,   plastic   clay   14  ft 

3.  Covered 10  ft. 

4.  St  Louis  limestone  14  ft 
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The  clay  possesses  a  fine  body.  It  is  very  plastic 
and  little  mixed  with  foreign  impurities.  The  color  is 
a  light  drab  and  but  for  its  plasticity  might  be  taken  for 
impure  kaolin.  This  ought  to  be  an  excellent  clay  for  the 
manufacture  of  tiling,  conduits,  flooring,  etc.,  and  possi- 
bly encaustic  or  vitrified  wares.* 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  when  mixed,  pale  yellow ;  burned  dark  red. 
Taste,  fat,  some  grit.  When  ground  to  20-mesh  and 
mixed  with  32.5  per  cent  of  water,  it  made  a  plastic  paste, 
that  shrank  5.0  per  cent  in  drying  and  a  like  amount  when 
vitrified,  giving  a  total  shrinkage  of  10.0  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  55  pounds  to 
the  square  inch,  as  the  average  of  five  tests,  with  a  maxi- 
mum strength  of  86  pounds.  It  was  fully  vitrified  at 
cone  01  (2,066  degrees  F.).    This  is  a  common-brick  clay. 

Clay  No.  131.  The  J.  B.  Hodges  Place.  Mr.  Hodges' 
farm  is  on  the  Hammonsville  and  Bonnieville  Koad,  one 
mile  and  a  half  east  of  Wabash.  The  main  portion  of  the 
farm  is  low,  wdth  St.  Louis  Limestone  exposures,  but 
towards  the  south  the  land  rises  and  breaks  into  hills 
capped  with  Conglomerate  Sandstone. 

On  the  hills  to  the  south,  there  are  exposures  of  a 
very  fat  clay  of  a  drab  color.  The  true  thickness  of  the 
deposit  is  not  determined,  but  the  following  is  a  section 
of  the  deposit  at  a  cistern : 

Conglomerate  pebbles  and  soil  4  ft. 

Drab,  plastic  clay  8  ft. 

Covered  10  ft. 

St.  Louis   limestone  6  ft. 

In  the  days  of  early  settlements  in  Hart  County, 
this  clay  was  mined  for  the  purpose  of  manufacturing 
hand-made  crocks  and  jars.f 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  drab  with  some  small  yellow  spots,  drab 
when  mixed;  bright  yellow  when  burned  to  cone  1  (2,102 
degrees  F.),  becoming  greenish-gray  at  cone  9  (2,390  de- 
grees F.).  Taste,  fat,  sour,  very  little  grit.  Texture, 
soft,  fine-grained.   When  ground  to  20-mesh  and  mixed 
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vith  32.0  per  cent  of  water,  it  made  a  plastic  paste,  that 
stood  rapid  drying,  and  that  shrank  10.0  per  cent  in  dry- 
ing and  7.0  per  cent  more  when  vitrified,  giving  a  total 
shrinkage  of  17.0  per  cent.  The  air-dried  mud  showed 
a  tensile  strength  of  86  pounds  to  the  square  inch,  as  the 
average  of  five  tests,  with  a  maximum  strength  of  102 
pounds.  Incipient  vitrification  occurred  at  cone  01 
(2,066  degrees  F.),  with  no  appreciable  change  at  cone  9 
(2,390  degrees  F.).  It  burned  to  a  hard,  compact  body, 
free  from  warping.  This  is  a  good  clay  to  go  into  a 
stoneware  clay -mix.  It  needs  more  plasticity  and  greater 
toughness  to  permit  its  being  turned  on  a  potter's  wheel. 

Clay  No.  127.  The  J.  Caswell  Place.  This  place  is 
on  the  Bonnieville  and  Hammonsville  Road,  about  four 
and  a  half  miles  northeast  of  Bonnieville  and  a  half  mile 
east  of  Wabash. 

There  are  several  exposures  here  of  a  clay  deposit. 
Gullies  along  a  ridge  expose  the  different  layers  at  nu- 
merous places  over  an  area  of  ten  or  fifteen  acres,  giving 
the  following  section: 

1.  Soil  4     ft. 

2.  Drab,  plastic  clay  3  ft. 

3.  Pink,  plastic  clay 2%  ft 

4.  Dark,  plastic  clay  4  ft. 

5.  Covered    15  ft. 

6.  St.  Louis  limestone 6  ft. 

These  clay  layers  are  very  free  from  gritty  or  min- 
eral impurities  and  are  valuable  clays  for  the  manufac- 
ture of  earthenware,  etc.  The  dark  layer  at  the  bottom 
of  the  gullies  is  a  plastic  clay,  but  similar  in  appearance 
to  the  fire  clays. 

Following  are  analyses,  made  for  the  survey  by 
Burk  &  Lvnn: 

Sample,  a  dark  clay  from  farm  of  J.  Caswell,  on 
Bonnieville  and  Hammonsville  Koad,  four  and  one-half 
miles  east  of  Bonnieville,  Hart  County.  No.  4  of  the 
vertical  section. 

Per  cent 

Hygroscopic   moisture 3.05 

i     Combined  water , ,. , 7.69 

Silica   » 56.73 

Alumina    :.-. '.    24.71 
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Per  cent. 

Ferric  oxide  3.72 

Lime  0.38 

Magnesia   0.15 

Potash  and  soda  3.04 

Titanium  dioxide  0.79 

Sulphur  trioxide  0.84 

Total  : 101.10 

Analysis,  ultimate  and  rational,  of  the  pink  plastic 
clay.  No.  3  of  the  section,  are  as  follows: 

Per  cent. 

Hygroscopic  moisture  2.85 

Combined    water    6.98 

Silica  60.52 

Alumina    20.99 

Ferric  oxide  3.41 

Lime    0.21 

Magnesia  0.14 

Potash  and  soda  -  2.85 

Titanium  dioxide '.  1.10 

Sulphur  trioxide 0.49 

Total  99.52 

The  rational  analysis  gives: 

Per  cent. 

Clay  substance  66.35 

Quartz  : 30.64 

Feldspathic  detritus   3.01 

Total   100.00(*) 

A  sample  of  this  clay,  labeled  **Drab  Clay  and  Fire 
Clay,"  gave  the  following  characteristics:  Color,  drab; 
burned  to  a  dark  brown.  Taste,  fat,  free  from  grit. 
When  ground  to  20-niesh  and  mixed  with  29.0  per  cent 
of  water,  it  made  a  plastic  paste,  that  stood  rapid  drying, 
and  that  shrank  7.5  per  cent  in  drying  and  an  additional 
6.5  per  cent  when  vitrified,  giving  a  total  shrinkage  of 
14.0  per  cent.    The  air-dried  mud  showed     a     tensile 
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strength  of  90  pounds  to  the  square  inch,  as  the  average 
of  three  tests,  with  a  maximum  strength  of  95  pounds. 
Incipient  vitrification  occurred  at  cone  4  (2,210  degrees 
F.),  complete  at  cone  8  (2,354  degrees  F.).  The  clay- 
burned  to  a  very  hard,  compact  body,  free  from  warp- 
ing.  This  should  make  a  high-grade  stoneware. 

Clay  No.  125.  The  James  Logsdon  Place.  The  ex- 
posure of  clay  on  this  farm  is  along  the  Munfordville  and 
Cub  Eun  Koad,  about  four  miles  west  of  Munfordville. 

There  is  a  bold  hill  at  this  point  which  is  capped  with 
Conglomerate  Sandstone.  On  the  side  of  this  hill,  at  the 
base  of  the  above  named  formation,  there  are  gullies  ex- 
posing only  partially  a  clay  deposit.  The  thickness  cannot 
be  accurately  determined,  on  account  of  soil  covering, 
until  a  shaft  or  boring  is  made.  The  clay  is  of  the  plastic 
variety  and  has  a  pinkish  drab  color.  On  account  of  the 
covering,  no  definite  section  can  be  given  at  this  deposit. 
Indications,  however,  favor  a  nice  deposit  of  plastic  clay 
at  this  place.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  green,  red  and  yellow;  mixed,  the  color 
was  yellow;  burned  dark  red  at  cone  1  (2,102  degrees 
F.),  changing  to  dark  brown  at  higher  temperatures. 
Taste,  fat,  very  little  grit.  When  ground  to  20-mesh 
and  mixed  with  25.0  per  cent  of  water,  it  made  a  plastic 
paste,  that  stood  rapid  drying,  and  that  shrank  7.5  per 
cent  in  drying  and  an  additional  10.0  per  cent  when  vit- 
rified, giving  a  total  shrinkage  of  17.5  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  50  pounds 
to  the  square  inch.  Complete  vitrification  occurred  at 
cone  2  (2,138  degrees  F.),  and  partial  viscosity  at  cone 
5  (2.246  degrees  F.).  This  clay  would  make  an  excellent 
common  brick,  drain  tile,  etc. 

Clay  No.  124.  The  S.  T.  Isaacs  Place.  A  deposit 
of  plastic  or  pinkish-drab  clay  is  exposed  on  the  farm  of 
Mr.  S.  T.  Isaacs,  near  the  Bonnieville  and  Munfordville 
Koad,  three  miles  southeast  of  Bonnieville. 

In  a  shallow  gully,  the  top  of  the  bed  is  exposed  only 
for  a  short  distance.  An  opening  was  made  with  a  spade 
to  the  depth  of  two  feet,  but  the  thickness  of  the  deposit 
is  not  definitely  known. 
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There  is  something  like  the  following  section  here: 

1.  Conglomerate  pebbles  and  soil  on  hill. 

2.  Plastic    clay,    exposed    25  ft. 

3.  Covered 25  ft. 

4.  St.  Louis  limestone  3  ft. 

This  is  a  good  quality  of  plastic  clay  doubtless  for 
tiling,  earthenware,  brick,  etc.  Near  the  surface  the  clay 
is  somewhat  gritty,  but  this  is  likely  due  to  the  sand  hav- 
ing been  washed  into  it  from  above  by  rains.* 

A  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  pinkish-drab;  burned  to  a  yellowish- 
red  at  cone  1  (2,102  degrees  F.),  and  then  to  dark  brown 
at  higher  temperatures.  Taste,  fat,  sour,  somewhat 
gritty.  Texture,  soft,  fine-grained,  massive  and  uniform. 
When  ground  to  20-mesh  and  mixed  with  24.0  per  cent 
of  water,  it  made  a  plastic  paste,  that  stood  rapid  drying, 
and  that  shrank  10.0  per  cent  in  drying  and  7.5  per  cent 
more  when  vitrified,  giving  a  total  shrinkage  of  17.5  per 
cent.  Incipient  vitrification  occurred  at  cone  1  (2,102 
degrees  F.),  complete  at  cone  7  (2,318  degrees  F.).  This 
is  a  good  clay  for  earthenware,  etc. 

Clay  No.  123.  The  W.  G.  W.  Butler  Place.  Mr. 
Butler's  farm  is  about  two  and  a  half  miles  southwest 
of  Upton,  on  the  Upton  and  Priceville  Road.  The  Big 
Clifty  Sandstone  occurs  here  in  regular  position  above 
the  St.  Louis  Limestone.  Along  a  drain  which  cuts 
across  the  exposure,  w^e  find  two  similar  deposits  ex- 
posed. One  near  the  top  or  just  above  the  Big  Clifty, 
the  other  at  the  base  next  to  the  St.  Louis  Limestone. 
The  following  is  a  section  including  both  deposits  of 
plastic  clay: 

1.  Layers  of  Chester  sandstone  20  ft. 

2.  Drab,  plastic  clay  10  ft. 

3.  White,  sandy  shale  2  ft. 

4.  Big  Clifty  sandstone  75  ft 

5.  Drab,   plastic   clay   10  ft. 

6.  White,  sandy  shale  2  ft. 

7.  St.  Louis  limestone  6  ft. 
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The  clays  of  these  two  deposits  are  very  similar. 
Both  are  underlaid  by  similar  white,  siliceous  shale. 
There  are  no  signs  of  faulting,  however;  this  similarity  is 
merely  a  coincidence. 

The  clay  is  of  excellent  quality  and  very  free  from 
physical  impurities.  Following  is  an  analysis  of  the 
crude  clay,  from  the  upper  bed,  No.  2 : 

Per  cent. 

Moisture   3.04 

Ignition  (combined  water  and  volatile  matter) 6.05 

Silica   61.90 

Alumina  19.17 

Ferric  oxide 3.69 

Lime  0.54 

Magnesia  _ 1.20 

Potash    2.93 

Soda  0.11 

Phosphorus  pentoxide  0.08 

Titanium   dioxide  1.14 

Sulphur  trioxide  tr. 

Total  99.85 

Commenting  on  the  analysis,  Dr.  Peter  says:  **This 
clay  sliould  be  excellent  for  making  building  brick,  tiles, 
etc.,  or  for  Portland  Cement."* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  green;  burned  to  a  dark  red.  Taste,  fat, 
slightly  gritty.  When  ground  to  20-mesh  and  mixed  with 
26.0  per  cent  of  water,  it  made  a  plastic  paste,  that 
shrank  9.0  per  cent  in  drying  and  6.0  per  cent  additional 
when  vitrified,  giving  a  total  shrinkage  of  15.0  per  cent. 
Complete  vitrification  occurred  at  <^one  03  (1,994  degrees 
F.),  partial  viscositj^  at  cone  6  (2,282  degrees  F.).  This 
is  a  conmion-brick  clav. 

Clay  No.  75.  The  J.  S.  Priddy  Place.  This  farm  is 
on  the  Upton  and  Priceville  Road  about  three  miles  south- 
west of  Upton. 

*  The  following  is  the  section  at  an  exposure  of  drab, 
plastic  clay  on  Mr.  Priddy 's  place: 
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1.  Covered    5  ft. 

2.  Drab,  plastic  clay  3  ft.    8  In. 

3.  Covered  30  ft. 

4.  St.  Louis  limestone. 

This  day  is  a  very  similar  material  to  that  found  at 
numerous  places  in  this  territory.  At  the  top  the  deposit 
is  colored  red  by  iron  oxide  which  has  leached  in  from 
above.  Towards  the  bottom,  the  deposit  is  covered  with 
soil  and  vegetation  to  such  an  extent  that  the  entire 
thickness  was  not  accurately  determined.  The  amount 
of  impurities  present  is  probably  not  large  enough  to  in- 
jure the  clay  in  the  manufacture  of  tiles,  sewers,  etc.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  red,  gray  and  yellow;  w^hen  mixed,  red- 
dish-yellow; burned  to  a  very  dark  red.  Taste,  fat,  sour, 
and  quite  gritty.  Texture,  rather  soft,  coarse-grained, 
compact.  When  ground  to  20-mesh  and  mixed  with  37.5 
per  cent  of  water,  it  made  a  very  plastic  paste,  that  re- 
quired slow  drying,  and  that  shrank  10.0  per  cent  in  dry- 
ing and  an  additional  5.0  per  cent  when  vitrified,  giving 
a  total  shrinkage  of  15.0  per  cent.  The  air-dried  mud 
showed  a  tensile  strength  of  83  pounds  to  the  square 
inch,  as  the  average  of  seven  tests,  with  a  maximum 
strength  of  111  pounds.  It  burned  to  a  hard,  compact 
body.  Incipient  vitrification  occurred  at  cone  02  (2,030 
degrees  F.),  complete  at  cone  6  (2,282  degrees  F.).  This 
elav  should  make  a  good  grade  of  paving  brick. 

*  Clay  No.  72.  The  S.  S.  Hodges  Place.  This  farm  is 
near  the  llammonsville  and  Munfordville  Eoad,  about 
five  miles  nortlieast  of  Munfordville. 

In  a  field  west  of  Mr.  Hodges'  home,  there  is  a  low 
depressed  hill  surrounded  by  higher  ones.  This  hill  and 
the  ones  around  show  exposures  of  St.  Louis  Limestone 
from  base  to  summit.  Around  the  top  of  the  central  high 
land  there  are  signs  of  kaolin. 

We  get  the  following  section  here : 

1.  Covered   (chert  and  soil  on  hill). 

2.  Layer  of  iron  carbonate  4      ft. 

3.  Laminated  sand  and  kaolin 3%  ft. 

4.  Space,  with  small  outcroppings  of  kaolin 10      ft. 

5.  St.  Louis  limestone  6      ft. 
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No  definite  deposit  has  been  located  here,  and  it  is 
very  probable  that  the  particles  are  only  the  remainder, 
or  inheritance  so  to  speak,  of  a  deposit  that  once  existed 
here  at  the  top  of  the  St.  Louis.* 

A  sample  of  this  **sand,  chert  and  kaolin  outcrop- 
pings"  gave  the  following  characteristics:  Color,  yel- 
low and  white ;  mixed,  yellow  with  white  specks ;  it  burned 
dark  red  with  white  specks.  Taste,  lean  and  gritty. 
Texture,  variable,  but,  in  general,  hard  and  coarse- 
grained. When  ground  to  30-mesh  and  mixed  with  24.0 
per  cent  of  water,  it  made  a  mildly  plastic  paste,  that 
stood  a  fair  rate  of  drying,  and  that  shrank  5.0  per 
cent  in  drying  and  almost  none  in  burning.  The  air- 
dried  mud  showed  a  tensile  strength  of  45.7  pounds  to 
the  square  inch,  as  the  average  of  seven  tests,  with  a 
maximum  strength  of  52.6  pounds.  Incipient  vitrification 
occurred  at  cone  7  (2,318  degrees  F.),  and  not  complete 
at  cone  11  (2,462  degrees  F.).  It  cracked  rather  badly 
in  burning,  which  would  be  against  its  value.  It  is  a  re- 
fractory, red-burning  clay. 

CiAy  No.  71.  The  Elizabeth  Wilson  Place.  Mr.  Wil- 
son's  farm  is  on  the  Bonnieville  and  Cub  Run  Road, 
three  miles  southwest  of  Bonnieville. 

On  this  place  there  are  very  marked  exposures  of 
a  clay  deposit,  as  sliowm  in  several  gullies  cutting  across 
a  ridge. 

The  following  section  was  taken  here: 

1.  Sandstone  30  ft. 

2.  Brown,  plastic  clay  6  ft 

3.  Covered. 

This  clay  contains  a  considerable  percentage  of  iron 
and  manganese,  and  will  doubtless  burn  red,  in  which 
case  it  might  be  valuable  as  a  brick  clay  or  low-grade 

earthenware.f 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  red  to  brown,  with  some  green  pieces; 
mixed,  grayish  brown;  burned  to  a  dark  red.  Taste, 
lean  and  gritty.  Texture,  hard,  coarse-grained.  When 
ground  to  30-mesh  and  mixed  with  16.0  per  cent  of  water, 
it  made  a  rather  lean  paste,  that  stood  rapid  drying. 
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and  that  shrank  5.0  per  cent  in  drying  and  very  little  more 
when  vitrified.  The  air-dried  mud  showed  a  tensile 
strength  of  69  pounds  to  the  square  inch,  as  the  average 
of  eight  tests,  with  a  maximum  strength  of  84  pounds. 
This  clay  burned  without  warping  when  in  thin  slabs,  and 
was  fully  vitrified  at  cone  3  (2,174  degrees  F.).  This  is 
a  low-grade  clay  that  may  be  used  for  making  drain 
tile  or  common  brick. 

Clay  No.  51.  The  G.  R.  Thorpe  Place.  This  farm  is 
on  the  ITammonsville  and  Munf  ordville  Road,  about  three 
and  a  half  miles  northeast  of  Bonnieville  and  one  mile 
southeast  of  Wabash.  Two  deep  intersecting  gullies  ex- 
pose three  diflferent  layers  of  clay  in  a  deposit  here. 

At  the  exposure  the  following  section  is  exposed : 

1.  Soil  and  Conglomerate  sand 20      ft. 

2.  Yellow,  plastic  clay 1%  ft 

3.  Pink,  plastic  clay 1      ft 

4.  Drab,  plastic  clay 3      ft 

5.  Covered. 

The  clay  shows  at  other  points  on  surrounding  hills 
at  the  same  elevation.  This  plastic  clay  is  similar  to 
other  plastic  clays  in  this  locality  and  valuable  for  the 
same  purposes.* 

A  sample  of  this  yellow,  pink  and  drab  clay  gave 
the  following  characteristics:  Color,  pink,  yellow  and 
drab;  mixed,  yellowish-drab;  it  burned  to  a  yellowish- 
drab  and  then  to  a  gun-metal  color.  Taste,  fat  and  grit- 
ty. Texture,  irregular.  When  ground  to  30-mesh  and 
mixed  with  26.0  per  cent  of  water,  it  made  a  plastic  paste, 
that  stood  rapid  drying,  and  that  shrank  7.0  per  cent  in 
drying  and  5.0  per  cent  more  in  burning,  giving  a  total 
shrinkage  of  12.0  per  cent.  The  air-dried  mud  showed 
a  tensile  strength  of  132  i)ounds  to  the  square  inch,  as 
the  average  of  six  tests,  with  a  maximum  strength  of 
177.4  pounds.  The  clay  burned  to  a  hard,  compact  body, 
completely  vitrified  at  cone  9  (2,390  degrees  F.).  Warp- 
ing occurred  when  thin  plates  were  burned,  but  not  to 
such  an  extent  as  to  prohibit  its  use  as  a  terra  cotta. 
This  clay  is  tough  enough  and  has  the  proper  plasticity 
to  permit  its  being  turned  on  a  potter  ^s  wheel,  and  pos- 
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sesses  sufficient  refractoriness  to  make  the  ware  hold  its 
shape  in  burning.  This  clay  has  the  proper  qualities  to 
recommend  its  use  in  mixtures  for  the  manufacture  of 
stoneware. 

Clay  No.  42.  The  Samuel  Goldsmith  Place.  This 
farm  is  one  mile  east  of  Dividing  Ridge,  on  a  country  road 
to  Munfordville. 

There  is  a  clay  exposed  here  of  the  plastic  variety 
which  has  a  pinkish-drab  color  with  yellow  spots  due  to 
iron.  This  deposit  is  in  the  form  of  a  sharp  anticlinal 
fold.  A  pit  has  been  sunk  into  the  deposit  on  each  side 
of  the  axis  only  ten  feet  apart.  Above  the  clay  there  is 
eight  feet  of  sand  colored  bright  red  with  iron  oxide. 
It  is  from  this  sand  that  iron  has  leached  into  the  clay 
below,  giving  it  a  spangled  appearance.  Below  the  de- 
posit there  is  an  exposure  of  St.  Louis  Limestone.  The 
following  is  the  section  at  this  exposure : 

1.  Soil  1  ft. 

2.  Red  sand  (conglomerate)  8  ft. 

3.  Pinkish  drab  clay  5  ft. 

4.  Covered   15  ft 

5.  St.  Louis  limestone. 

This  clay  is  free  from  grit  and  would  probably  burn 
to  a  nice  tile  regardless  of  the  iron  which  it  contains.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pinkish-drab  with  yellow;  mixed,  the  color 
was  dark  dral3 ;  remained  dark  drab  when  burned.  Taste, 
fat,  sour  and  free  from  grit.  Texture,  soft,  fine-grained, 
banded.  When  ground  to  16-inesli  and  mixed  with  35.0 
per  cent  of  water,  it  made  a  plastic  paste,  that  shrank 
8.0  per  cent  in  drying  and  7.0  per  cent  additional  when 
vitrified,  giving  a  total  shrinkage  of  15.0  per  cent.  The 
tensile  strength  of  the  air-dried  mud,  as  shown  by  the 
average  of  four  tests,  was  70.6  pounds  to  the  square  inch, 
with  a  maximum  strength  of  87  pounds.  The  clay  burned 
to  a  hard,  compact  body,  and  was  fully  vitrified  at  cone  6 
(2282  degrees  F.).  It  warped  somewhat  in  burning. 
This  is  a  good  grade  of  clay  and  would  answer  for  a 
sewer  pipe  clay. 
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Clay  No.  35.  The  John  Wilkerson  Place.  The  follow- 
ing is  tlie  analysis  of  a  hard  clay  of  bluish-gray  color  from 
the  farm  of  Mr.  John  Wilkerson  on  the  Munfordville  and 
Leitchfielfl  Koad,  (about  four  miles  west  of  Munfordville 
and  two  miles  west  of  Dividing  Ridge  Station.)  The  clay 
is  of  unknown  thickness,  but  very  thick.  There  is  prob- 
ablv  something  like  fortv  feet  of  this  hard,  shalv  clav.  A 
deep  pit  was  once  dug  into  this  deposit,  but  was  not  ac- 
cessible at  the  time  of  examination. 

Per  cent 

Hygroscopic    moisture    3.34 

Combined  water 5.24 

Silica   64.68 

Alumina  17.35 

Ferric  oxide  3.29 

Lime  0.26 

Magnesia  1.09 

Potash  and  soda  3.74 

Titanium  dioxide  1.06 

Sulphur  trioxide  0.28 

Total  100.33(*) 

A  sample  of  this  clay  gave  the  following  characteris- 
tics: Color  when  drv,  vellowish-])rown:  when  wet,  brown; 
burned  to  cone  1  (2102  degrees  F.),  the  color  was  reddish- 
brown  and  full  of  white  specks,  becoming  dark  bro\^^l  at 
higher  temj^eratures.  Ta>:te,  fat  and  gritty.  No  detritus  re- 
mained on  the  100-mesli  sieve  after  distintegration  by 
prolonged  shaking  in  water.  When  ground  to  20-mesh 
and  mixed  with  29.0  ])er  cent  of  water,  it  made  a  fat 
paste,  that  shrank  9.0  per  cent  in  drying  and  8.0  per  cent 
additional  when  vitrified,  giving  a  total  shrinkage  of  17.0 
per  cent.  The  tensile  strength  of  the  air-dried  mud  wag 
128  pounds  to  the  square  inch,  as  shown  by  the  average 
of  three  tests,  with  a  maximum  strength  of  137.7  pounds. 
Incipient  vitrification  occurred  at  cone  1  (2,102  F.),  com- 
plete at  cone  6  (2,282  degrees  F.). 

Tiiis  clay  is  suited  to  the  manufacture  of  drain  tile 
and  paving  brick. 
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Clay  No.  149.  This  represents  another  sample  from 
the  John  Wilkerson  farm  and  labeled,  '*  Shaft  sixty  feet 
deep;  ]ower  four  feet  clay." 

This  sample  gave  the  following  characteristics: 
Color,  pale  yellow ;  burned  to  a  pale-red  to  yellowish-red. 
containing  white  specks  at  cone  1  (2,102  degrees  F.), 
and  to  a  brownish-gray,  with  white  specks  remaining,  at 
higher  temperatures.  Taste,  fat,  and  gritty.  When 
ground  to  30-mesh  and  mixed  with  30.0  per  cent  of  water, 
it  made  a  plastic  paste,  that  stood  rapid  drying,  and  that 
shrank  7.0  per  cent  in  drying  and  8.0  per  cent  more  when 
burned  to  cone  9  (2,390  degrees  F.),  giving  a  total  shrink- 
age of  15.0  per  cent.  Incipient  vitrification  occurred  at 
cone  9  (2,390  degrees  F.),  not  complete  at  cone  11  (2,462 
degrees  F.). 

This  is  an  impure,  low-grade  kaolin  that  would  make 
a  fair  grade  of  pressed  brick. 

Clay  No.  31.  The  William  Priddy  Place.  Mr.  Will- 
iam Priddy  lives  in  Hart  county  on  the  Upton  and  Price 
ville  Road,  about  six  miles  west  of  Upton.  A  pit  has  here 
been  dug  into  the  clay,  but  no  definite  deposit  has  been 
located.  The  material  occurs  in  irregular  layers  at  the 
top  of  the  St.  Louis.    The  following  is  the  section  here : 

1.  Conglomerate  pebbles  and  sand  20  ft. 

2.  Plastic  clay  and  yellow  soil 5  ft. 

3.  St.  Louis  limestone  6  ft. 

The  clay  is  of  a  drab,  plastic  color  and  contains  a 
great  quantity  of  gypsum  crystals.  The  crystals  set 
thickly  through  the  layers,  giving  a  granular  and  glis- 
tening appearance.  On  two  or  three  of  the  immediate 
hills  at  the  same  elevation,  we  get  similar  exposures  of 
the  same  deposit.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  drab  and  yellow,  showing  crystals  of  gyp- 
sum; when  mixed,  the  color  was  yellow,  both  wet  and 
dry;  burned  to  cone  1  (2,102  degrees  F.),  the  color  was 
reddish-brown,  becoming  dark  brown  at  higher  tempera- 
tures. Taste,  fat,  sour,  and  gritty.  Texture,  soft,  crum- 
bly and  coarse-grained.  When  disintegrated  by  pro- 
longed shaking  in  water,  much  gypsum  and  limonite  was 
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caught  on  the  lOO-mesh  sieve.  When  ground  to  20-mesh 
and  mixed  with  20.0  per  cent  of  water,  it  made  a  plastic 
paste,  that  required  slow  drying,  and  that  shrank  7.0 
per  cent  in  drying  and  2.0  per  cent  more  when  burned  to 
cone  1  (2,102  degrees  F.),  giving  a  total  shrinkage  of 
9.0  per  cent.  The  air-dried  mud  showed  a  tensile  strength 
of  172  pounds  to  the  square  inch,  as  the  average  of  four 
tests,  with  a  maximum  strength  of  236.5  pounds.  At  cone 
1  (2,102  degrees  F.)  the  clay  was  nearly  vitrified  and 
showed  white  particles  and  was  full  of  small  holes;  at 
cone  6  (2,282  degrees  F.),  it  was  partially  fused.  This  is 
a  very  low-grade  clay. 

Clay  No.  23.  The  J.  L.  Arterbury  Place.  This  place 
is  on  the  Upton  and  Priceville  Road,  three  miles  south- 
west of  Upton, 

There  is  a  deposit  of  drab,  plastic  clay  here  between 
the  St.  Louis  Limestone  and  the  Big  Clifty  Sandstone. 
The  clay  is  exposed  at  several  points  along  a  long  ridge. 
At  a  pit  sunk  at  one  place  the  following  section  was 
taken : 

1.  Sand  and  soil  3  ft. 

2.  Drab,  plastic  clay 3%  ft. 

3.  Shale  4  in. 

4.  Drab,  plastic  clay  1  ft 

5.  Shale  at  bottom  of  pit  4  in. 

6.  Covered    20  ft. 

7.  St.  Louis  limestone 10  ft. 

This  is  a  very  impure  variety  of  plastic  clay,  being 
mixed  to  a  large  extent  with  iron  and  manganese  oxide.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  drab  and  yellow;  ground  and  mixed,  yel- 
lowish-brown; burned  to  cone  1  (2,102  degrees  F.),  it 
became  dark  red,  changing  to  dark  brown  at  liigher  tem- 
peratures. 

Taste,  lean  and  very  gritty.  Texture,  coarse- 
grained, containing  roots  and  fibers.  When  disintegrated 
by  prolonged  shaking  in  water,  the  only  detritus  caught 
on  the  100-mesh  sieve  was  roots  and  fibers.  When 
ground  to  20-mesh  and  mixed  with  25.0  per  cent  of  water, 
it  made  a  moderatly  plastic  paste,  that  required  slow  dry- 
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ing,  and  that  shrank  8.3  per  cent  in  drying.  Incipient 
vitrification  occurred  at  cone  1  (2,102  degrees  F.),  and 
fusion  at  cone  5  (2,246  degrees  F.).  Tliis  clay  cracks  too 
much  in  burning  to  be  of  any  commercial  value,  even  for 
common  brick. 

Clay  No.  19.  The  Stamp-Clark  Exposures.  These 
exposures  are  just  outside  the  town  of  Bonnieville,  to  the. 
west  on  either  side  of  the  Bonnieville  and  Priceville  Road. 
There  are  exposures  of  a  deposit  here  which  is  more  in- 
teresting from  a  geological  point  of  view  than  from  a 
commercial  one. 

The  exposures  are  in  the  plane  of  a  normal  fault. 
The  St.  Louis  Limestone  and  Chester  Sandstones  are 
turned  on  edge  and  a  displacement  occurs  of  about  one 
hundred  feet.  This  clay  deposit  was  formed  before  the 
disturbance  took  place  and  is  faulted  in  a  similar  way 
as  are  the  strata.  The  fault  plane  or  strike  runs  in  a 
northeast  southwest  direction,  dipping  southeast.  On 
the  w^est  side,  next  to  the  St.  Louis  Limestone,  there  is 
a  deposit  of  plastic  clay  turned  on  edge,  watli  a  thickness 
of  two  feet  This  deposit  is  exposed  to  the  north  of  Mr. 
J.  M.  Stamp  and  to  the  south  of  Dr.  J.  H.  Clark.  The 
clay  is  a  very  impure  variety  of  drab,  plastic  clay,  and  is 
neither  in  sufficient  quantity  nor  in  favorable  position  to 
be  profitably  mined.  The  deposit  is  evidently  very  old 
and  certainly  of  sedimentary  origin.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pale  yellow,  both  wet  and  dry;  burned  to 
cone  1  (2,102  degrees  F.),  the  color  was  bright  yellow, 
mottled  with  red  specks;  at  cone  6  (2,282  degrees  F.), 
the  yellow  remained  only  as  a  tint,  while  at  higher  tem- 
peratures the  color  was  muddy-gray,  with  dark  specks 
throughout.  Taste,  fat,  and  very  little  grit.  When  dis- 
integrated by  ])rolonged  shaking  in  water,  considerable 
limonite  detritus  w^as  caught  on  the  100-mesh  sieve. 
When  ground  to  20-mesh  and  mixed  with  29.0  per  cent  of 
water,  it  made  a  plastic  paste,  that  stood  rapid  drying, 
and  that  shrank  5.0  per  cent  in  drying  and  7.0  per  cent 
more  when  vitrified,  giving  a  total  shrinkage  of  12.0  per 
cent.  Tlie  tensile  strength  of  the  air-dried  mud  w^as 
114.2  pounds  to  the  square  inch,  as  the  average  of  ten 
tests,  with  a  maximum  strength  of  126.3  pounds.     In- 
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cipient  vitrification  occurred  at  cone  4   (2,210  degrees 
F.),  complete  at  cone  9  (2,390  degrees  F.). 

Clay  No.  17.  Pink  and  drab  clav  from  the  Jesse 
Craddock  Place,  on  the  Cub  Run  and  Priceville  Road,  two 
miles  from  Cub  Run,  Hart  county.  Geological  position^ 
base  of  Big  Clifty. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pink  and  drab;  when  ground  and  mixed 
the  color  was  pinkish-drab,  somewhat  mottled  with  dark 
grains  when  dry;  brown  when  wet;  burned  to  cone  1 
(2,102  degrees  F.),  the  color  was  red,  becoming  very  dark 
red  to  brown  at  higher  temperatures.  Taste,  fat,  and 
gritty.  Texture,  a  mixture  of  slate-likie  pieces  mingled 
with  clay;  contained  roots  and  fibers.  After  disintegra- 
tion by  prolonged  shaking  in  water,  a  considerable  quan- 
tity of  detritus  consisting  of  slate  and  gravel,  remained 
on  the  100-mesh  sieve.  When  ground  to  20-mesh  and 
mixed  with  22.0  per  cent  of  water,  it  made  a  plastic  paste, 
that  stood  rapid  drying,  and  that  shrank  7.0  per  cent  in 
drying  and  a  like  amount  when  vitrified,  giving  a  total 
shrinkage  of  14.0  per  cent.  Incipient  vitrification  oc- 
curred at  cone  4  (2,210  degrees  F.),  complete  at  cone  7 
(2,318  degrees  F.). 

The  air-dried  mud  showed  a  tensile  strength  of  150.5 
pounds  to  the  square  inch,  as  the  average  of  six  tests, 
with  a  maximum  strength  of  188  pounds.  This  is  a  com- 
mon-brick and  drain-tile  clay. 

Ciay  No.  147.  The  J.  B.  Isaacs  Place.  This  place 
is  on  the  Bonnieville  and  Munfordville  Road,  four  miles 
southeast  of  Bonnieville.  On  the  above  named  farm  there 
is  a  small  spring  which  issues  from  between  layers  of 
plastic  clay.  This  clay  is  of  a  grey  color  with  small  red 
specks. 

There  is  an  exposure  of  two  and  a  half  feet  above 
this  spring.  This  layer  contains  a  considerable  amount 
of  organic  matter  and  iron,  while  below  the  spring  the 
clay  is  of  purer  quality  and  shows  an  exposure  of  ten 
feet.    Here  the  following  section  is  exposed: 

1.  Soil  and  pebbles  8      ft 

2.  Speckled  plastic  clay  2^  ft. 

Spring. 

3.  Drab,  plastic  clay  10      ft. 

4.  Covered 20      ft.      - 

5.  St.  Louis  limestone 3      ft 
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This  clay  is  free  from  grit,  quite  porous,  and  likely 
a  valuable  material  for  tiling  or  fire  brick.  Following  is 
an  analysis  of  the  clay  made  for  the  Survey  by  Burk  & 
Lyon,  Louisville,  Ky. : 

Sample,  a  reddish  brown,  or  drab  speckled,  plastic 
clay,  from  the  farm  of  J.  B.  Isaacs,  on  Bonnieville  road, 
four  miles  southeast  of  Bonnieville. 

Per  cent. 

Hygroscopic  moisture  4.62 

Combined  water 6.86 

Silica  54.07 

Alumina  .. 22.60 

Ferric  oxi'le  5.04 

Lime  0.28 

Magnesia  0.50 

Potash  and  soda  4.61 

Titanium  dioxide  0.93 

Sulphur  trioxide  0.27 

Total  99.78 

A  rational  analysis  of  the  foregoing  shows  the  fol- 
lowing : 

Clay  substance  84.58 

Quartz  14.14 

Feldspathic  detritus  1.28 

Total   100.00(*) 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  purplish  to  brow^n ;  burned  yellowish-red  at 
cone  1  (2,102  degrees  F.),  becoming  light  to  bluish-brown 
when  viscous.  Taste,  fat,  very  little  grit.  Texture,  soft, 
fine-grained.  When  ground  to  20-mesh  and  mixed  with 
29.0  per  cent  of  water,  it  made  a  very  plastic  paste,  that 
shrank  10.0  per  cent  in  drying  and  an  additional  3.0  per 
cent  when  vitrified,  giving  a  total  shrinkage  of  13.0  per 
cent.  The  air-dried  mud  showed  a  tensile  strength 
of  45  pounds  to  the  square  inch,  as  the  average  of  seven 
tests,  with  a  maximum  strength  of  67  pounds.  Complete 
vitrification  occurred  at  cone  2  (2,138  degrees  F.).  This 
is  a  fair-grade  of  common-brick  or  drain-tile  clay. 
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Hardin  County. 

Clay  No.  37.  The  H.  W.  Rahm  Place.  The  clay  ex- 
posures  on  this  place  are  typical  of  the  clayey  subsoil 
near  Stithton. 

.  Mr.  Ralim's  farm  is  about  one  mile  north  of  Stith- 
ton, and  lies  just  west  of  the  I.  C.  R.  R.  This  is  a  low, 
level  territory  underlaid  by  a  light  colored  clay  about  five 
feet  in  thickness,  which  has  been  exposed  on  this  farm 
by  deep  postholes,  excavation  of  pond,  etc.  The  section 
exposed  at  this  point  follows : 

1.  Soil  2%  ft. 

2.  Light  colored  clay 2      ft. 

3.  St.  Louis  limestone. 

The  soil  grades  gradually  into  the  silicious  material 
below,  but  is  at  places  much  thicker  than  at  others. 

Following  is  the  analysis  made  for  the  Survey  by 
Burk  &  Lyon,  Louisville,  Ky. : 

Sample,  light  gray  clay,  from  farm  of  H.  W.  Rahm, 
one  mile  north  of  Stithton. 

Per  cent 

Hygroscopic  moisture  1.80 

Combined  water  4.69 

Silica  77.33 

Alumina 9.37 

Ferric   oxide    ^ 3.11 

Lime  1.10 

Magnesia   0.02 

Potash  and  soda  2.12 

Titanium  dioxide  1.11 

Sulphur  trioxide  0.48 

Total  101.13(*) 

A  sample  of  this  clay  labeled,  ^^  One-half  mile  north 
and  three  hundred  yards  west  of  the  I.  C.  R.  R.,  in  an 
orchard  at  a  pond,  on  the  farm  of  H.  W.  Rahm,''  gave 
the  following  characteristics :  Color,  drab ;  when  burned 
to  cone  1  (2,102  degrees  F.),  it  became  a  bright  yellow, 
changing  to  reddish-yellow  at  higher  temperatures,  and 
finally  to  a  yellowish-brown.    Taste,  lean,  slightly  sour, 
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and  some  grit.  Texture,  soft,  fine-grained  and  massive. 
When  disintegrated  by  prolonged  shaking  in  water,  a 
little  sandy  detritus  remained  on  the  100-mesh  sieve. 
When  ground  to  20-mesh  and  mixed  with  27.0  per  cent  of 
water,  it  made  a  fairly  plastic  paste,  that  stood  rapid 
drying,  and  that  shrank  7.0  per  cent  in  drying  and  3.0 
per  rent  more  in  burning,  giving  a  total  shrinkage  of 
10.0  per  e(»nt.  The  tensile  strength  of  the  air-dried  mud 
was  145  pounds  to  the  square  inch.  Incipient  vitrifica- 
tion occurred  at  cone  1  (2,102  degrees  F.),  complete  at 
cone  7  (2,318  degrees  F.). 

This  clay  will  nuike  good  common  brick,  drain  tile 
and  a  fair  grade  of  red  i)ressed  brick.  It  would  make 
a  stoneware  of  the  lower  grade,  such  as  is  manufactured 
by  some  of  the  small  potteries. 

Clay  No.  152.  Another  sample  of  clay  from  the  farm 
of  II.  W.  Ralmi,  was  collected  from  a  sink-hole  in  a" 
meadow,  one  hundred  yards  west  of  the  I.  C  R.  R.,  and 
gave  the  following:  ('olor,  yellow;  burned  dark  red, 
s]>ecklod  with  whit(».  Taste,  fairly  fat,  and  very  gritty. 
When  ground  to  20-m(»sh  and  mixed  with  25.0  per  cent 
of  water,  it  made  a  ])airly  i)lastic  i)aste,  that  shrank  7.0 
per  cent  in  drying  and  3.0  ])er  cent  additional  when  vit- 
rified, giving  a  total  shrinkage*  of  10.0  ])er  cent.  The 
air-dried  nnid  showed  a  tensile  strength  of  142  pounds  to 
the  scjuan*  inch,  as  the  average  of  six  tests,  with  a  max- 
imum strength  of  15G  i)Ounds.  It  burned  to  a  hard,  com- 
I)act  body.  Incipient  vitrification  occurred  at  cone  1 
(2,102  degrees  F.),  comi)lete  at  cone  7  (2,318  degrees 
F.).  Tli(»  white  specks  were  not  vitrified.  This  is  the 
same  grade  of  clav  described  above  und(»r  CMay  No.  37. 
It  would  make  a  fair  grade  of  paving  brick. 

Clay  No.  33.  The  Harrison  Ashlock  Place.  Mr. 
Ashlock's  farm  is  on  the  Fiast  View  and  Meeting  Creek 
Road,  about  two  miles  west  of  East  View. 

The  dej)osit  is  of  limited  extent,  but  interesting  be- 
cause of  its  geoloprical  location.  It  is  not  found  in  the 
base  of  the  Big  Clifty,  as  are  most  of  the  deposits  in  this 
section,  but  is  higher  up  in  the  series.  The  following  sec- 
tion was  taken  at  this  ])oint: 

1.  Thin   layer  of  sandstone 10  ft, 

2.  Bluish,   plastic   clay 2M:  ft. 

3.  Stratum   of  limestone 40  ft. 

4.  Big  Clifty  sandstone 40  ft. 
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This  deposit  is  of  too  limited  thickness  and  hori- 
zontal extent  to  be  of  much  commercial  interest.  It  oc- 
curs at  the  same  geological  horizon  as  do  many  of  the 
plastic  clays  of  Grayson  county,  namely,  above  a  lime- 
stone at  the  top  of  the  Big  Clifty  Sandstone.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  gray  and  yellow;  when  mixed,  yellowish- 
gray,  both  wet  and  dry;  burned  to  cone  1  (2,102  degrees 
F.),  the  color  was  dark  red,  turning  to  dark  brown  at 
higher  temperatures.  Taste,  lean  and  very  gritty.  Tex- 
ture, soft,  coarse-grained  and  very  irregular.  No  detritus 
was  cauglit  on  the  100-mesh  sieve  after  disintegration 
by  prolonged  shaking  in  water.  When  ground  to  20-mesh 
and  mixed  witli  20.0  per  cent  of  water,  it  made  a  mildly 
plastic  paste,  that  stood  a  moderate  rate  of  diying,  and 
that  shrank  7.0  per  cent  in  drying  and  6.0  per  cent  more 
when  burned  to  cone  1  (2,102  degrees  F.),  giving  a  total 
shrinkage  of  13.0  per  cent.  The  air-dried  mud  showed  a 
tensile  strength  of  107.5  pounds  to  the  square  inch,  as 
shown  by  the  average  of  five  tests,  with  a  maximum 
strength  of  129  pounds.  Incipient  vitrification  occurred 
at  cone  1  (2,102  degrees  F.),  complete  at  cone  7  (2,318 
degrees  F.).  This  clay  will  make  common  brick  and  drain 
tile. 

Clay  No.  29.  The  Clias.  Carby  Place.  This  sample 
is  a  hard  shale  from  Mr.  Chas.  Carby 's  place  on  the 
White  Mills  and  MillerstowTi  Road,  one-half  mile  north 
of  Millerstown,  Hardin  county,  Ky.  Geological  position, 
St.  Louis. 

A  sample  of  this  shale  gave  the  following  charac- 
teristics: Color,  when  dry,  dark  gray  with  some  yellow; 
when  wet,  dark,  greenish-gray;  when  burned  to  cone  1 
(2,102  degrees  F.),  the  color  was  bright  red,  turning  to 
dark  brown  at  higher  temperatures.  Taste,  lean.  When 
ground  to  20-mesli  and  mixed  with  25.0  per  cent  of  water 
it  made  a  fair  paste,  that  required  great  care  in  drying, 
and  that  shrank  7.0  per  cent  in  drying  and  3.0  per  cent 
more  in  burning,  giving  a  total  shrinkage  of  10.0  per  cent. 
The  air-dried  mud  showed  a  tensile  strength  of  63.4 
pounds  to  the  square  inch,  as  the  average  of  ten  tests, 
with  a  maximum  strength  of  87.2  pounds.  The  shale 
is  fine-grained.     It  was  fully  vitrified  at  cone  1   (2,102 
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degrees  F.),  and  fused  at  cone  9  (2,390  degrees  F.).  This 
is  a  wortliless  shale. 

Clay  Xo.  138.  The  S.  If.  Richardson  Place.  This 
farm  is  on  tlie  Elizabethtown  and  Meeting  Creek  Road^ 
about  three  miles  and  a  half  northwest  of  East  View. 

This  land  is  at  a  high  elevation,  with  Big  Clifty 
Sandstone  as  the  surface  rock.  One  deep  hollow  extends 
down  to  the  St.  Louis  Limestone,  and  here  there  is  a  de- 
I)Osit  of  yellow  plastic  clay  with  an  exposure  of  four 
feet.  It  is  a  good  quality  of  yellow  clay  and  might  be 
used  for  terra  cotta.  It  is  free  from  mineral  impurities 
and  is  quite  plastic  when  wet.  At  this  place  we  get  the 
following  section: 

1.  Big  Clifty  sandstone 80    ft. 

2.  Yellow   plastic   clay 4    ft. 

3.  St.  Louis  limestone 15    ft. 

This  dei)osit  is  very  inconvenient,  being  exposed 
in  a  deep  hollow.  Considerable  expense  would  be  nec- 
essary before  the  material  could  be  gotten  to  a  place  of 
(»asy  transport.  The  construction  of  an  incline  would 
perhaps  simplify  the  proposition.* 

A  sample*  of  this  clay  gave  the  following  character- 
istics: Color,  yellow;  burned  dark  red.  Taste,  fat,  and 
gritty.  Wlieii  ground  to  20-mesh  and  mixed  with  32.0 
j)er  cent  of  water,  it  made  a  j)lastic  paste,  that  shrank 
H.O  ])er  cent  in  drying  and  CO  y)er  cent  more  when  vitri- 
fied, giving  a  total  shrinkage  of  14.0  per  cent.  The  air- 
dri(;d  mud  showed  a  tensile  strength  of  70  pounds  to  the 
scjuare  inch,  as  the  average  of  four  tests,  with  a  maximum 
stn^ngth  of  100  j)()unds.  Tlie  material  puflfed  up  badly 
at  cone  01  (2,i)C}C)  degrees  F.),  and  is  a  very  low  grade, 
common-brick  (*Iav. 

C^i.AY  No.  1:5:5.^  The  J.  D.  Barnes  Place.  Mr.  Barnes' 
farm  is  on  the  Elizabethtown  and  Meeting  Creek  Road, 
t\vo  miles  and  a  half  west  of  East  View. 

At  a  s])ring  tliree-quarters  of  a  mile  south  of  the 
above  mentioned  road,  the  following  section  was  taken: 

1.  Shaly   limestone   4  ft. 

2.  Fire  clay  3  ft. 

:\,  (;oal    1  ft. 

4.  Fire   clay   3  ft. 

5.  Covered. 
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The  thin  stratum  of  coal  is  no  indication  that  coal 
occurs  thereabouts  in  paying  quantities,  but  is  interest- 
ing from  a  geological  standpoint.  The  St.  Louis  Lime- 
stone is  not  exposed  here,  but  from  barometric  readings 
is  not  many  feet  beneath  the  surface. 

The  '^fire  clay''  contains  too  great  a  quantity  of 
impurities  to  be  valuable  for  refractory  qualities.  It  is 
not  a  fire  clay  in  the  true  sense  of  the  term.  Perhaps 
it  should  be  called  a  soft,  shaly  clay  resembling  fire  clay. 

A  sample  of  this  ^'fire  clay,"  or  ^'soft  shaly  clay  re- 
sembling fire  clay,"  gave  the  following  characteristics: 
Color,  greenish-gray;  burned  yellow,  and  then  brown. 
Taste,  lean,  and  some  grit.  When  ground  to  20-mesh 
and  mixed  with  22.0  per  cent  of  water,  it  made  a  moder- 
ately plastic  paste,  that  shrank  5.0  per  cent  in  drying 
and  a  like  amount  when  burned  to  cone  1  (2,102  degrees 
F.),  giving  a  total  shrinkage  of  10.0  per  cent.  The  air- 
dried  mud  showed  a  tensile  strength  of  71.5  pounds  to 
the  square  inch,  as  the  average  of  three  tests,  with  a 
maximum  strength  of  76  pounds.  The  clay  burned  to  a 
yellow  shell  w-ith  black  pumice-like  interior  at  low  tem- 
peratures and  is  of  little  or  no  commercial  value. 

Clay  No.  132.  The  J.  B.  Jenkins  Place.  This  farm 
is  about  one  and  a  quarter  miles  south  of  Stephensburg, 
on  the  I.  C.  R.  E. 

The  clay  exposures  here  are  around  a  high  ridge 
at  the  southern  part  of  the  farm,  and  a  section  of  the 
exposures  here  shows  the  following: 

1.  Big  Clifty  sandstone. 

2.  Yellow   plastic   clay 2  ft. 

3.  Drab  plastic   clay 14  ft. 

4.  Oolitic    limestone       20  ft. 

The  yellow  clay  is  very  plastic,  fairly  smooth,  and 
contains  a  large  percentage  of  iron.  The  drab  plastic 
clay  is  fine-grained,  homogeneous  and  large  enough  in 
quantity  to  be  easily  mined. 

This  is  seemingly  a  valuable  clay  for  the  manufac- 
ture of  tiling,  sewer  pipe,  etc.,  and  possibly  would  make 
a  real  nice  brick.* 
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A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  when  mixed,  yellow;  burned  to  a  dark  red. 
Taste,  lean  and  gritty.  When  ground  to  20-mesh  and 
mixed  with  25.0  per  cent  of  water,  it  made  a  fairly  plas- 
tic paste,  that  shrank  5.0  per  cent  in  drying  and  7.5  per 
cent  when  vitrified,  giving  a  total  shrinkage  of  12.5  per 
cent.  The  air-dried  mud  showed  a  tensile  strength  of 
90  pounds  to  the  square  inch,  with  a  maximum  strength 
of  126  pounds.  Incipient  vitrification  occurred  at  cone 
5  (2,246  degrees  F.),  complete  at  cone  9  (2,390  degrees 
F.).  It  burned  to  a  rather  porous  body.  This  clay  will 
make  an  excellent  grade  of  brick  and  tile. 

Clay  No.  128.  The  West  Point  Clays.  At  places  in 
the  bottom  of  the  Ohio  River  around  West  Point,  no- 
ticeably on  the  farm  of  Mr.  William  T.  Turner,  just  west 
of  the  town,  the  soil  is  underlaid  by  a  light  colored  plas- 
tic clay  with  a  thickness  of  five  or  six  feet.  The  color 
varies  at  different  points. 

The  low  meadow  lands  east  of  the  mouth  of  Salt 
River,  in  Jefferson  county,  have  a  similar  subsoil,  but 
with  less  impurities.  It  is  this  material  which  is  used 
in  the  manufacture  of  Portland  Cement  at  River  View% 
Jefferson  county,  Ky.,  by  the  Kosmos  Portland  Cement 
Company. 

Following  is  the  analysis  of  this  clay  as  furnished 
by  the  superintendent,  Mr.  Wm.  H.  Baker,  made  by  B. 
Cushman,  of  Cornell  University: 

Per  cent. 

Alumina   20.02 

Silica   63.45 

Ferric   oxide    4.63 

Lime    0.47 

Magnesia    0.98 

The  oolitic  limestone  which  is  ground  and  mixed  with 
this  material  has  the  following  composition: 

Per  Cent. 

Calcium    carbonate    98.49 

Magnesium    carbonate    0.42 

Silica   0.37 

Alumina   0.12 

Ferric    oxide    O.llf 


flbid.   p.   21. 
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A  sample  of  tliis  clay,  from  the  farm  of  Mr.  Turner, 
one-fourth  mile  south  of  the  Ohio  River,  and  one  mile 
west  of  West  Point  gave  the  following  characteristics: 
Color,  dark  gray;  burned  to  yellow  at  cone  1  (2,102  de- 
grees F.),  changing  to  dark  red  at  higher  temperatures. 
Taste,  fat,  very  little  grit.  When  ground  to  20-mesh  and 
mixed  with  23.0  per  cent  of  water,  it  made  a  fat  paste, 
that  stood  rapid  drying,  and  that  shrank  6.0  per  cent 
in  drying  and  an  additional  7.0  per  cent  when  vitrified, 
giving  a  total  shrinkage  of  13.0  per  cent.  The  sample 
was  too  small  to  make  a  tensile  strength  test.  Incipient 
vitrification  occurred  at  cone  3  (2,174  degrees  F.),  com- 
plete at  cone  7  (2,318  degrees  F.).  It  burned  to  a  hard, 
compact  body  that  would  do  for  paving  brick,  etc. 

Clay  No.  129.  Illinois  Central  Railroad  Deposit. 
There  is  a  deposit  of  drab  plastic  clay  exposed  in  the 
I.  C.  R.  R.  cut,  about  two  hundred  yards  south  of  the 
station  at  East  View.  This  is  a  short  cut  across  a  ridge 
which  runs  at  right  angles  to  the  railroad  and  extends 
back  into  high  lands  on  either  side.  The  deposit  is 
twelve  feet  thick.  At  this  cut  the  following  section  is  ex- 
posed : 

1.  Big  Clifty  sandstone 15  ft. 

2.  Drab   plastic   clay 12  ft. 

3.  Blue,  coarse-grained  St.  Louis  limestone 8  ft. 

4.  Oolitic  limestone   (St.  Louis) 10  ft. 

Several  years  ago  a  number  of  tons  of  this  clay  were 
shipped  to  Bannon  &  Co.,  Louisville,  for  the  purpose  of 
making  piping.  The  clay  was  reported  too  fusible,  how- 
ever, and  the  mining  was  discontinued. 

By  the  mixing  of  a  small  percentage  of  silica,  this 
material  would  be  rendered  more  refractory  and  could 
probably  he  used  profitably  and  with  good  results.* 

A  sample  of  this  clay  gave  the  following  results: 
Color,  drab  and  yellow;  pale  yellow  when  ground  and 
mixed;  burned  to  a  dark  brown.  Taste,  fat,  some  grit. 
Texture,  shaly,  soft,  fine-grained.  When  ground  to  20- 
mesh  and  mixed  with  32.0  per  cent  of  water,  it  made  a 
plastic  paste,  that  stood  a  fair  rate  of  drying,  and  that 
shrank  10.0  per  cent  in  drying  and  an  additional  7.5  per 
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cent  when  vitrified,  giving  a  total  shrinkage  of  17.5  per 
cent.  The  air-dried  mud  showed  a  tensile  strength  of 
98  pounds  to  the  square  inch,  as  the  average  of  eight 
tests,  w^ith  a  maximum  strength  of  133  pounds.  In- 
cipient vitrification  occurred  at  cone  2  (2,138  degree 
F.),  complete  at  cone  7  (2,318  degrees  F.).  It  burned 
to  a  good  body  and  is  a  fair  grade  of  sewer-pipe  or  pav- 
ing-brick clay. 

Clay  No!  130.  The  Wash  NichoUs  Place.  The  farm 
of  Mr.  Wash  Nicholls  is  on  the  East  View  and  Meeting 
Creek  Road,  two  miles  west  of  East  View. 

Alongside  the  above-mentioned  road  there  is  quite 
an  extensive  and  varied  clay  exposure,  as  shown  by  the 
following  section: 

1.  Big  Clifty  sandstone 5  ft. 

2.  Bluish  marl   6  in. 

3.  Drab   plastic   clay 10  ft. 

4.  Dark,  red  and  drab  clay 5  ft. 

5.  Dark  alone   2^^  ft. 

6.  Red    and    dark 3  ft. 

7.  Bluish   marl    10  in. 

8.  Covered   15  ft. 

9.  St.   Louis  limestone 2  ft. 

Tlie  drab  plastic  layer  at  the  top  is  a  valuable  clay 
for  agricultural  structures,  sewers,  etc.  The  red  is  very 
ochreous  and  might  be  valuable  for  the  manufacture  of 
paint  if  separated  from  the  dark  and  drab.  The  dark 
clay  is  plastic  and  would  likely  burn  to  a  similar  colored 
material  as  the  drab  plastic  layer  at  the  top.  It  is  also 
probable  that  a  mixture  of  the  w^hole  deposit  could  be 
profitably  worked,  provided  the  marls  do  not  furnish  an 
excess  of  lime.* 

A  sample  of  this  clay,  labeled  ^'fire  clay,  drab  and 
red,"  gave  the  following  characteristics:  Color,  when 
mixed,  brownish-gray;  burned  to  dark  red.  Taste,  lean, 
not  much  grit.  When  ground  to  20-mesh  and  mixed  with 
22.0  per  cent  of  water,  it  made  a  paste  rather  low  in  plas- 
ticity, that  required  slow  drying,  and  that  shrank  6.0 
per  cent  in  drying  and  a  like  amount  additional  when 
vitrified,  giving  a  total  shrinkage  of  12.0  per  cent.  The 
clay  was  fully  vitrified  at  cone  01  (2,066  degrees  F.),  and 
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somewhat  viscous  at  cone  6  (2,282  degrees  F.).    This  is 
a  low-grade,  common-brick  clay. 

Clay  No.  74.  The  William  Deaver  Place.  This  farm 
is  in  what  is  known  as  Deaver 's  Hollow,  on  the  Summit 
and  Meeting  Creek  Road,  three  miles  west  of  Summit. 
The  picturesque  little  place  is  surrounded  by  high  cliffs 
of  Big  Clifty  Sandstone,  while  St.  Louis  Limestone  is 
only  a  few  feet  beneath  the  surface.  On  the  east  side  of 
his  farm  there  is  a  low  hill,  which  rises  gradually  to  the 
cliffs  of  sandstone  and  includes  a  semi-circular  area  of 
about  five  acres.  This  area  is  underlaid  by  a  deposit 
of  drab,  plastic  clay  with  an  exposure  of  about  four  feet. 
The  following  section  is  exposed  at  this  point : 

1.  Big  Clifty  sandstone 90  ft. 

2.  Drab,   plastic   clay   4  ft. 

3.  Covered  10  ft. 

4.  St.  Louis  limestone 3  ft. 

The  clay  is  mixed  with  earthy  impurities  at  the  ex- 
posure, but  would  show  to  much  better  advantage  if  ex- 
posed by  a  shaft,  and  probably  prove  valuable.* 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  yellow  to  brown ;  mixed,  yellowish-brown ; 
burned  to  a  very  dark  red.  Taste,  slightly  fat  and  very 
gritty.  Texture,  soft,  coarse-grained,  massive.  When 
ground  to  20-mesh  and  mixed  with  26.0  per  cent  of  water, 
it  made  a  fairly  plastic  paste,  that  required  great  care 
in  drying,  and  that  shrank  10.0  per  cent  in  drying  and 
7.5  per  cent  additional  when  vitrified,  giving  a  total 
shrinkage  of  17.5  per  cent.  The  air-dried  mud  showed 
a  tensile  strength  of  134  pounds  to  the  square  inch,  as 
the  average  of  four  tests,  with  a  maximum  strength  of 
245  pounds.  It  burned  to  a  hard,  compact  body,  fully 
vitrified  at  cone  8  (2,354  degrees  F.).  Incipient  vitrifi- 
cation occurred  at  cone  2  (2,138  degrees  F.). 

This  is  a  good  paving-brick  or  stoneware  clay. 

Clay  No.  139.  This  clay,  labeled  '^Wm.  Deaver, 
Summit,  Hardin  county,  Ky.,"  differs  in  color  from  Clay 
No.  74,  which  has  just  been  described. 

This  sample  gave  the  following  characteristics: 
color,  yellow ;  burned  to  a  dark  red.    Taste,  fat  and  grit- 
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ty.  When  ground  to  20-mesli  and  mixed  with  37.5  per 
cent  of  water,  it  made  a  plastic  paste,  that  shrank  12.0 
per  cent  in  drying  and  5.0  per  cent  more  when  vitrified, 
giving  a  total  shrinkage  of  17.0  per  cent.  The  air-dried 
mud  showed  a  tensile  strenth  of  78  pounds  to  the  square 
inch,  as  the  average  of  six  tests,  with  a  maximum  strength 
of  98  pounds.  Complete  vitrification  occurred  at  cone  7 
(2,318  degrees  F.).  This  clay  did  not  burn  to  a  very  com- 
pact body. 

Clay  No.  70.  The  Joseph  Lilly  and  Adjacent  Places. 
The  farm  of  Mr.  Josei)li  Lilly  is  on  the  Elizabethtown  and 
Meeting  Creek  Road,  one  mile  northwest  of  East  View. 

On  this  farm  and  several  adjoining  ones  there  are 
exposures  of  a  drab  plastic  clay.  The  thickness  of  the 
deposits  could  not  be  accurately  determined  at  any  one 
place,  on  account  of  vegetation,  but  the  exposures  range 
from  two  to  six  feet  at  places. 

A  typical  section  of  these  exposures  here  is  as  fol- 
lows : 

1.  Big  Cllfty  sandstone 20     ft. 

2.  Drab   plastic   clay 5     ft. 

3.  St.  Louis  limestone  at  base  of  hill. 

Similar  exposures  were  found  on  the  land  of  Mr. 
Fred  Hifner  on  the  south,  Sehlange  Bros,  on  the  east, 
J.  M.  Kinkead  on  the  north,  and  E.  R.  Robinson  on  the 
west. 

This  is  a  good  quality  of  drab  plastic  clay,  free  from 
impurities,  and  possibly  valuable  for  sewers,  low  grade 
pottery  or  earthenware.* 

A  sample  of  this  clay  from  the  land  of  the  Sehlange 
Bros,  gave  the  following  characteristics:  Color,  yellow 
and  green ;  greenish-yellow  when  mixed ;  burned  to  a  dark 
red.  Taste,  fat,  and  very  little  grit.  Texture,  soft,  fine- 
grained, earthy,  containing  roots.  When  ground  to  20- 
mesh  and  mixed  with  34.0  per  cent  of  water,  it  made  a 
plastic  paste,  that  required  slow  drying,  and  that  shrank 
10.0  per  cent  in  drying  and  12.0  per  cent  more  when  vit- 
rified, giving  a  total  shrinkage  of  22.0  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  22  pounds 
to  the  square  inch,  as  the  average  of  two  tests.    Complete 
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vitrification  occurred  at  cone  4  (2,210  degrees  F.).  Thin 
pieces  warped  very  badly  in  burning.  This  is  a  very 
low-grade  clay. 

CrjvY  No.  142.  This  clay  is  from  the  farm  of  Mr. 
Joseph  Lilly,  mentioned  above  under  Clay  No.  70. 

The  sample  of  this  clay  gave  the  following  charac- 
teristics: Color,  dark  slate;  burned  yellow  at  cone  1 
(2,102  degrees  F.),  and  reddish-green  at  higher  tempera- 
tures. Taste,  lean,  sour,  and  gritty.  When  ground  to 
20-mesh  and  mixed  with  23.0  per  cent  of  w^ater,  it  made  a 
paste  low  in  plasticity,  that  stood  rapid  drying,  and  that 
shrank  5.0  per  cent  in  drying  and  7.0  per  cent  additional 
when  vitrified,  giving  a  total  shrinkage  of  12.0  per  cent. 
The  air-dried  mud  showed  a  tensile  strength  of  59  pounds 
to  the  square  inch,  as  the  average  of  six  tests,  with  a 
maximum  strength  of  72  pounds.  Incipient  vitrification 
occurred  at  cone  01  (2,066  degrees  F.).  Complete  at  cone 
7  (2,318  degrees  F.).  It  burned  to  a  good  body  that  will 
make  a  fair  grade  of  buff-colored  pressed  brick. 

Clay  No.  61.  The  Charles  Nelson  and  James  Laslev 
Places.  This  land  is  along  the  Summit  and  Webb's  Mill 
Eoad,  about  two  and  a  half  miles  from  Summit,  Hardin 
count V,  Kv.  The  clay  is  a  green  earth  from  the  base  of 
the  Big  Ciifty. 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  yellowish-green ;  when  burned,  the  color  was 
dark  red.  Taste,  lean,  sour,  and  some  grit.  Texture, 
earthy,  containing  roots  and  fibers. 

When  ground  to  30-mesh  and  mixed  w^ith  20.0  per 
cent  of  water,  it  made  a  paste  that  was  not  very  plastic, 
that  required  slow  drying,  and  that  shrank  8.0  per  cent 
in  drying  and  7.0  per  cent  more  w4ien  vitrified.  The  air- 
dried  mud  showed  a  tensile  strength  of  32  pounds  to  the 
square  inch,  as  the  average  of  three  tests.  Complete 
vitrification  occurred  at  cone  6  (2,282  degrees  F.).  This 
clay  warped  and  cracked  very  badly  in  burning  and  has 
no  commercial  value. 

Clay  No.  62.  The  Gideon  McClure  Place.  This  land 
is  on  the  White  Mills  and  Millerstown  Eoad,  two  and  a 
half  miles  north  of  MillerstowTi,  Hardin,  county,  Ky. 
Geological  position,  St.  Louis. 

A  sample  of  this  clay  gave  the  following  character- 
istics:    Color,  yellow  and  green;  mixed,  the  color  was 
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green  with  a  yellowish  tint ;  burned  to  a  dark  red,  becom- 
ing brown  when  fused.  Texture,  shaly,  coarse-grained. 
When  ground  to  30-mesh  and  mixed  with  20.0  per  cent 
of  water,  it  made  a  lean  paste,  that  required  slow  drying, 
and  that  shrank  5.0  per  cent  in  drying.  The  clay  was 
nearly  fused  at  cone  6  (2,282  degrees  F.).  This  is  a  very 
low-grade  clay. 

Clay  No.  55.  The  Taylor  Jeffries  Place.  Mr.  Jef- 
fries' farm  is  one  and  a  half  miles  north  of  East  View, 
adjacent  to  and  east  of  the  I.  C.  E.  E. 

At  the  foot  of  a  high  hill  in  the  central  part  of  his 
farm  and  on  other  hills  at  the  same  elevation  just  east 
of  there  the  following  section  is  exposed : 

1.  Big  Clifty  sandstone  30  ft. 

2.  Drab  and  yellow  plastic  clay  15  ft. 

3.  Drab    plastic    clay    7  in. 

4.  Oolitic  limestone  12  ft. 

The  various  colors,  if  ground  together,  ought  to  pro- 
duce a  material  which  would  make  a  nice  brick  or  tiling. 
The  deposit  is  free  from  sand  or  gravel  and  probably 
does  not  contain  enough  iron  to  injure  it,  though  there  is 
enough  to  cause  the  product  to  burn  red  or  brownish, 
perhaps.* 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color  when  ground  and  mixed,  bluish-drab; 
burned  to  dark  red  and  then  to  dark  brow^n.  Taste,  fat, 
slightly  sour,  and  no  grit.  Texture,  soft,  fine-grained,  and 
contained  some  roots.  When  ground  to  30-mesh  and 
mixed  with  26.0  per  cent  of  water,  it  made  a  plastic  paste, 
that  required  rather  slow  drying,  and  that  shrank  8.0 
per  cent  in  drying  and  an  additional  5.0  per  cent  when 
vitrified,  giving  a  total  shrinkage  of  13.0  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  96.7  pounds 
to  the  square  inch,  as  the  average  of  four  tests,  with  a 
maximum  strength  of  125  pounds.  This  clay  warped 
much  in  burning,  when  in  thin  plates,  and  cracked  badly. 
Complete  vitrification  occurred  at  cone  5  (2,246  degrees 
F.).  This  is  a  low-grade  clay  of  very  little  commercial 
value  except  for  making  common  brick. 

Clay  No.  151.  A  sample  of  the  drab  clay  from  the 
farm  of  Mr.  Taylor  Jeffries  gave  the  following  charac- 
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teristics:  Color,  yellowish-brown;  burned  to  a  dark  red. 
Taste,  fat,  and  gritty.  When  ground  to  20-mesh  and 
mixed  with  32.0  per  cent  of  water,  it  made  a  plastic  paste, 
that  shrank  7.0  per  cent  in  drying  and  3.0  per  cent  more 
when  vitrified,  giving  a  total  shrinkage  of  10.0  per  cent. 
The  air-dried  mud  showed  a  tensile  strength  of  91  pounds 
to  the  square  inch,  as  the  average  of  six  tests,  with  a 
maximum  strength  of  108  pounds.  Complete  vitrification 
occurred  at  cone  5  (2,246  degrees  F.),  with  a  tendency  to 
puff  up  at  even  lower  temperatures.  This  is  a  low-grade 
clay  that  wall  be  of  no  use  except  for  common  brick. 

Henderson  County. 

Clay  No.  105.  Sample  of  fire  clay,  or  under  clay, 
of  Baskett  coal,  Baskett  Mine,  Pittsburgh  Coal  Co.,  Hen- 
derson county,  Ky.  Clay,  three  to  three  and  a  half  feet 
thick. 

The  sample  consisted  of  a  few  rather  large  lumps  of 
blue  slate  such  as  is  found  in  coal  mines. 

Analysis  of  Air-Dried  Sample. 

Percent 

Moisture  at  100^   C 4.05 

Combined  water  7.61 

Silica  51.96 

Alumina  22.14 

Ferric  oxide  1.47 

Ferrous  oxide  1.87 

Calcium  oxide  0.90 

Magnesium  oxide  2.19 

Potassium  oxide  4.25 

Sodium  oxide  0.92 

Titanium  dioxide  0.80 

Sulphur  trioxide  0.24 

Iron  sulphide  1.36 

Phosphorous   pentoxide   tr. 

Total 99.76 

The  analysis  shows  that  this  is  a  very  impure  clay. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  dark  gray;  burned  to  a  yellow.  Taste, 
fat,  and  somewhat  gritty.  Texture,  soft  and  fine-grained. 
When  ground  to  20-mesh  and  mixed  with  24.0  per  cent 
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of  water,  it  made  a  plastic  paste,  that  shrank  5.0  per 
cent  in  drying.  The  air-dried  mud  showed  a  tensile 
strength  of  84  pounds  to  the  square  inch.  The  clay  puffed 
up  very  much  at  cone  1  (2,102  degrees  F.,)  and  is  of  little 
or  no  value  for  the  manufacture  of  clay  products. 

Ci.AY  No.  107.  No.  9,  fire  clay  or  under  clay,  Spotts- 
ville  Mine,  Green  River  Coal  Co.,  Henderson  county,  Ky. 
Depth  about  53  feet  to  the  top  of  the  fire  clay.  Average 
thickness,  four  feet  (eighteen  inches  to  six  feet). 

Sample  consisted  of  medium  size  lumps  of  dark  gray 
clay  with  some  fine  clay.  The  sack  containing  the  clay 
also  contained  coal  No.  3109. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100°   C 3.87 

Combined  water  6.34 

SiUca 60.20 

Alumina  20.60 

Ferric  oxide  1.04 

Ferrous  oxide 1.46 

Calcium  oxide  tr. 

Magnesium  oxide  1.86 

Potassium  oxide  2.93 

Sodium  oxide  1.01 

Titanium  dioxide 0.80 

Sulphur  trioxlde  tr. 

Phosphorus  pentoxide  none 

Total  100.13 

Ratio  of  Iron  and  Alumina  to  Silica  2.60 

The  analysis  shows  that  this  clay  would  not  be  very 
refractory  as  a  fire  clay.  It  ought  to  make  a  good  build- 
ing brick.  It  could  also  be  used  in  connection  w^ith  lime- 
stone for  making  Portland  Cement. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  very  dark,  greenish-gray;  burned  yellow. 
Taste,  fat,  and  smooth.  Texture,  soft  and  fine-grained. 
When  ground  to  20-mesli  and  mixed  with  25.0  per  cent 
of  water,  it  made  a  plastic  paste,  that  shrank  6.0  per  cent 
in  drying.  The  air-dried  mud  showed  a  tensile  strength 
of  72  pounds  to  the  square  inch.  The  clay  puflfed  up  and 
cracked  badly  in  burning,  even  at  low  temperatures,  and 
is  practically  worthless. 


Kentucky  Geological  Subvey  845 

Clay  No.  103.  Under  clay  from  Smith  Mills  Mine, 
Henderson  county,  Ky.    Depth  to  clay,  180  feet. 

Average  sample  of  the  clay  such  as  is  often  found  in 
coal  mines. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100°  C 2.98 

Combined  water  7  .49 

Silica   60.98 

Alumina  20.89 

Ferric  oxide  0.64 

Ferrous  oxide 1.15 

Calcium  oxide  tr. 

Magnesium  oxide  1.72 

Potassium  oxide 0.82 

Titanium   dioxide  0.75 

Sulphur  trioxide  tr. 

Phosphorus  pentoxide  tr. 

Total  100.36 

Ratio  of  Alumina  and  Iron  to  Silica 2.67 

The  analysis  shows  that  this  clay  would  not  be  very 
refractory  as  a  fire  clay,  might  have  some  use  as  a  build- 
ing brick.  It  could  also  be  used  in  connection  with  a  pure 
limestone  for  making  Portland  Cement. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  dark,  bluish-gray;  burned  yellow.  Taste, 
fat  and  smooth.  Texture,  soft,  fine-grained.  When 
ground  to  20-mesh  and  mixed  with  32.0  per  cent  of  water, 
it  made  a  plastic  paste,  that  shrank  8.0  per  cent  in  dry- 
ing. The  air-dried  mud  showed  a  tensile  strength  of  63 
])ounds  to  the  square  inch.  The  clay  puffed  up  and 
cracked  very  badly  at  cone  1  (2,102  degrees  F.),  and 
is  of  no  value  for  the  manufacture  of  clay  products. 

Clay  No.  115.  (Chemist's  No.  3147.)  Under  clay, 
Bluff  Citv,  Henderson  countv,  Kv.  From  John  Archbold 
Coal  Co. 

Sample  of  dark  gray  fire  clay  very  much  like  sam- 
ple No.  3145  (Clay  No.  107). 
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Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  100**   C 3.93 

Combined    water    7.53 

Silica   53.92 

Alumina   23.38 

Ferric   oxide    0.16 

Ferrous  oxide  1.87 

Calcium    oxide tr. 

Magnesium  oxide  2.10 

Potassium  oxide  4.09 

Sodium   oxide   0.91 

Titanium  dioxide  0.80 

Sulphur   trioxide    0.23 

FeSs 1.09 

Phosphorus  pentoxide tr. 

Total   100.01 

Ratio  of  Iron  and  Alumina  to  Silica 2.10 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  very  dark  gray ;  burned  to  a  reddish-brown. 
Taste,  fat,  sour,  free  from  grit.  Texture,  soft,  fine- 
grained. Wlien  ground  to  20-mesh  and  mixed  with  31.0 
per  cent  of  water,  it  made  a  plastic  paste,  that  shrank 
9.0  per  cent  in  drying.  The  air-dried  mud  showed  a 
tensile  strength  of  only  10  pounds  to  the  square  inch. 
In  burning,  the  clay  puffed  up  and  cracked  so  badly  that 
it  has  no  value  in  the  manufacture  of  clay  products. 

Cl.\y  No.  117.  (Chemist's  No.  3148.)  Under  clay 
from  Zion  Coal  Company,  Henderson  county,  Ky.  Clay 
1,200  feet  southeast  of  opening  and  120  feet  deep. 

Average  sample  of  dark  gray  clay  or  slate  such  as 
is  found  in  coal  mines ;  containing  plant  impressions. 

Analysis  of  Air-dried  Sampie: 

Per  cent. 

Moisture  at  100°   C 1.97 

Combined    water,    etc 9.10 

Silica  55.52 

Alumina   21.68 

Ferric   oxide   none 

Ferrous  oxide  1.66 

Calcium   oxide tr. 

Magnesium  oxide  1.47 
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Per  cent. 

Potassium    oxide    3.31 

Sodium   oxide   0.95 

Titanium  dioxide  0.80 

Sulphur   trioxide    0.83 

FeS,  2.91 

Phosphorus   pentoxide tr. 

Total   100.20 

Quite  an  impure  clay.  It  would  probably  be  improved 
in  quality  by  washing  to  remove  the  pyrite,  after  which 
it  might  answer  for  Portland  Cement  making. 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  very  dark  gray ;  burned  to  a  yellow\  Taste, 
fat  and  smooth,  quite  sour.  Texture,  soft,  fine-grained. 
When  ground  to  20  mesh  and  mixed  with  23.0  per  cent 
of  water,  it  made  a  plastic  paste,  that  shrank  5.0  per 
cent  in  drying.  The  air-dried  mud  showed  a  tensile 
strength  of  34  pounds  to  the  square  inch.  The  clay  puffed 
up  and  cracked  badly  in  burning,  even  at  low  tempera- 
tures, and  it  is  practically  worthless. 

Hickman  County. 

Clay  No.  8.  Fire  Clay.  This  clay  is  in  the  *^  Chalk 
Banks''  of  the  Mississippi  River  below  Columbus,  Hick- 
man county,  Ky.,  and  shows  a  thickness  of  35  feet.  It 
occurs  in  the  Wilcox  Formation,  Eocene  Series,  Tertiary 
System.  This  clay  is  the  upper  portion  of  a  deposit 
somewhat  over  45  feet  thick;  the  lower  portion  of  this 
bed  being  described  below  under  Clay  No.  14. 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color  when  dry,  light  gray,  becoming  darker  gray 
when  wet;  burned,  the  color  w^as  a  beautiful  light  shade 
of  yellow,  or  cream,  and  this  color  was  perfectly  constant 
at  all  temperatures.  This  is  a  hard  clay  that  is  very 
difficult  to  disintegrate  by  prolonged  shaking  in  water. 
Taste,  mildly  fat  and  very  gritty.  Texture,  hard,  coarse- 
grained, massive,  and  uniform. 

When  ground  to  20-mesh  and  mixed  with  32.0  per 
cent  of  water,  it  made  a  rather  lean,  to  mildly  plastic, 
paste,  that  shrank  none  in  drying  and  only  2.5  per  cent 
in  burning.  The  tensile  strength  was  48  pounds  to  the 
square  inch,  as  shown  by  the  average  of  nine  tests,  with 
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a  maximum  strength  of  56  pounds.  No  indication  of  vit- 
rification was  shown  at  cone  11  (2,462  degrees  F.). 

This  is  an  excellent  grade  of  semi-plastic  fire  clay. 

Clay  No.  14.  This  clay  is  from  the  '* Chalk  Banks" 
on  the  Mississippi  Eiver  bluffs,  about  two  miles  south 
of  Columbus,  Hickman  county,  Ky.  This  represents  the 
lower  portion  of  the  clay  deposit  just  described  under 
Clav  No.  8.  This  is  the  ten  feet  of  clay  directly  under 
Clay  No.  8. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  when  dry,  gray,  becoming  darker  gray 
when  wet;  when  burned,  it  became  a  pretty  cream  color 
which  is  exactly  the  same  shade  as  Clay  No.  8,  and  equally 
constant  at  all  temperatures.  Taste,  fat,  and  very  little 
grit.  Texture,  soft,  fine-grained  and  uniform.  When 
disintegrated  by  prolonged  shaking  in  water,  only  a  little 
detritus  remained  on  the  100-mesh  sieve. 

When  ground  to  20-mesli  and  mixed  w^ith  23.0  per 
cent  of  water,  it  made  an  exceedingly  plastic  paste,  that 
was  rather  sticky  to  handle,  and  that  required  rather 
slow  drying.  Shrinkage  in  drying  was  10.0  per  cent,  and 
none  in  burning,  giving  a  total  shrinkage  of  10.0  per 
cent.  Incipient  vitrification  occurred  at  cone  9  (2,390 
degrees  F.),  complete  at  cone  11  (2,462  degrees  F.). 

This  clay  will  make  a  beautiful  pressed  brick,  main- 
taining the  same  cream  color  at  all  temperatures. 

Jefferson  County. 

Clay  No.  27.  This  clav  is  from  River  View,  Jeffer- 
son  county,  Ky.  Kentucky  Cement  Works.  Geological 
position,  Waverly. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  gray,  containing  yellow  spots;  mixed,  yel- 
lowish-gray; orange-red  when  burned  to  cone  1  (2,102 
degrees  F.) ;  reddish-brown  at  cone  6  (2,282  F.);  and 
grayish-brown  at  higher  temperatures.  Taste,  lean,  sour, 
and  gritty.  Texture,  soft,  coarse-grained.  When  dis- 
integrated by  prolonged  shaking  in  water,  some  detritus 
containing  limonite,  remained  on  the  100-mesh  sieve. 

When  ground  to  20-mesh  and  mixed  with  24.0  per 
cent  of  water,  it  made  a  slightly  plastic  paste,  that  stood 
rapid  di-ying,  and  that  shrank  7.0  per  cent  in  drying  and 
4.0  per  cent  more  when  vitrified,  giving  a  total  shrinkage 
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of  11.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  103.2  pounds  to  the  square  inch,  as  the  aver- 
age of  five  tests,  with  a  maximum  strength  of  107.5 
pounds.  Incipient  vitrification  occurred  at  cone  1  (2,102 
degrees  F.),  complete  at  cone  6  (2,282  degrees  F.),  and 
partially  viscous  at  cone  9  (2,390  degrees  F.).  This 
clay  will  do  for  the  manufacture  of  common  brick  and 
drain  tile. 

Jessamine  County. 

CiJ^Y  No.  109.  (Chemist's  No.  3176.)  Clay  material 
from  one-fourth  mile  northeast  of  High  Bridge,  Jessa- 
mine county,  Ky.  Sent  by  J.  E.  Darman,  of  the  American 
Stone  Ballast  Company. 

Sample  consisted  of  a  medium  sized  hand  specimen 
brought  by  L.  E.  Nollau.  Bed  from  three  to  four  feet 
thick,  overlaid  by  limestone.  The  clay  had  a  bluish-green 
color  which  changes  to  white  in  the  blast  lamp — quite 
fusible. 

Analysis  of  Air  Dried  Sampie. 

Per  cent. 

Moisture  at   100°    C 4.01 

Ignition  6.44 

Silica   53.52 

Alumina    19.67 

Ferric    oxide    1.92 

Ferrous  oxide  tr. 

Calcium    oxide    2.32 

Magnesium    oxide    4.81 

Potassium    oxide    6.71 

Sodium   oxide   0.32 

Titanium    dioxide    0.20 

Sulphur   trioxide    tr. 

Phosphorus   pentoxide   0.15 

Total  100.07 

The  sample  gave  the  following  characteristics: 
Color,  green ;  burned  to  yellowish-gray,  changing  to 
green  when  viscous.  Taste,  rather  lean  and  smooth. 
Texture,  soft,  fine-grained.  When  ground  to  20-mesh 
and  mixed  with  25.0  per  cent  of  water,  it  made  a  mildly 
plastic  paste,  that  shrank  6.0  per  cent  in  diying  and  7.0 
per  cent  additional  when  vitrified.    It  slacked  very  rap- 
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idly  in  water.  The  air-dried  mud  showed  a  low  tensile 
strength,  only  11  pounds  to  the  square  inch.  Complete 
vitrification  occurred  at  cone  02  (2,030  degrees  F.),  and 
viscosity  at  cone  6  (2,282  degrees  F.).  This  is  a  fair  grade 
of  green  slip  clay. 

Clay  No.  87.  (Chemist's  No.  3200.)  The  Buckner 
Bryant  Place.  This  farm  is  nine  miles  south  of  Lexing- 
ton, on  the  Nicholasville  Road,  in  Jessamine  county,  Ky. 
Thickness  of  bed,  from  three  to  four  feet. 

Sample  consisted  of  hand  specimen,  weighing  about 
one  pound,  of  gray  clay.     Stained  in  places  with  iron. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100'  C 2.57 

Combined  water 5.26 

Silica  58.40 

Alumina 17.48 

Ferric  oxide  4.64 

Ferrous  oxide 0.58 

Calcium  oxide  2.86 

Magnesium  oxide  1.92 

Potassium  oxide  4.26 

Sodium  oxide  0.59 

Titanium  dioxide  0.60 

Sulphur  trioxide  none 

Phosphorus  pentoxide  0.80 

Total  99.96 

Ratio  of  Iron  and  Alumina  to  the  Silica  2.57 

The  analysis  of  this  clay  shows  that  it  could  be  used 
in  making  Portland  Cement,  though  the  potassium  oxide 
is  high.    It  would  make  brick  and  possibly  drain  tiles,  etc. 

A  sample  of  this  clay,  brought  in  by  Mr.  Buckner 
Bryant,  gave  the  following  characteristics:  Color,  yel- 
low; burned  to  dark  red.  When  ground  to  20-mesh  and 
mixed  with  34.0  per  cent  of  water,  it  made  a  fat  paste, 
that  stood  a  moderately  rapid  rate  of  drjdng,  and  that 
shrank  5.0  per  cent  in  drying.  The  air-dried  mud  showed 
a  tensile  strength  of  90  pounds  to  the  square  inch,  with 
a  maximum  strength  of  126  pounds.  The  clay  puffed  up 
very  badly  at  cone  1  (2,102  degrees  F.).  It  is  a  very  low- 
grade  clay. 
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Clay  No.  88.  (Chemist's  No.  3201.)  This  clay  is 
from  the  same  deposits  as  Clay  No.  87,  on  the  farm  of 
Mr.  Buckner  Bryant. 

The  following  analysis  of  an  air-dried  sample  shows 
practically  the  same  composition  as  Clay  No.  87. 

Per  cent. 

Moisture  at  100**   C 2.52 

Combined    water   5.60 

Silica  58.80 

Alumina   17.44 

Ferric    oxide    5.28 

Ferrous    oxide    0.58 

Calcium    oxide    2.40 

Magnesium  oxide 1.68 

Potassium    oxide    3.93 

Sodium   oxide   0.81 

Titanium  dioxide  0.70 

Sulphur   trioxide    none 

Phosphorus   pentoxide   0.90 

Total   100.64 

Ratio  of  Iron  and  Alumina  to  Silica. 2.59 

The  chemist  commented  on  this  clay  as  follows: 
'^The  analysis  of  tliis  clay  shows  that  it  has  the  com- 
position for  a  Portland  Cement  clay,  though  the  potas- 
sium oxide  is  rather  high.  It  should  also  made  brick 
and  possibly  drain  tile." 

The  physical  tests  showed  this  clay  to  be  about  like 
Clay  No.  87  and  of  a  low  grade.  It  became  viscous  at 
cone  5  (2,246  degrees  F.). 

Clay  No.  94.  Sample  of  clay  sent  by  E.  C.  Beggs, 
Nicholasville,  Ky.  The  sample  consisted  of  several 
rather  large  lumps  of  white  clay,  somewhat  streaked 
with  iron. 

Analysis  of  Air-dried  Sample:  per  cent. 

Moisture  at   100°   C 1.81 

Combined    water   7.85 

Silica  53.60 

Alumina  27.04 

Ferric   oxide   3.52 

Ferrous  oxide  tr. 

Calcium   oxide   tr. 
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Per  cent. 

Magnesium    oxide    1.19 

Potassium    oxide    3.57 

Sodium   oxide   0.37 

Titanium    dioxide    0.80 

Sulphur  trioxide  tr. 

Phosphorus  pentoxide  tr. 

Total    99.75 

The  analysis  shows  that  this  day  is  of  medium  qual- 
ity and  probably  could  be  used  in  brick  making,  drain 
tiles  and  low-grade  pottery. 

The  sample  gave  the  following  characteristics: 
Color,  green;  burned  to  a  pinkish-yellow  at  cone  1 
(2102^  b\)y  changing  to  green  at  cone  9  (2390^  F.). 
Taste,  fat,  sour,  and  no  grit.  Texture,  soft,  and  very 
fine-grained.  When  ground  to  20-mesh  and  mixed  with 
36.0  per  cent  of  water,  it  made  a  very  plastic  paste,  that 
shrank,  5.0  per  cent  in  drying,  and  8.5  per  cent  more  when 
vitrified,  giving  a  toUil  shrinkage  of  13.5  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  59  pounds  to 
the  square  inch.  It  was  fully  vitrified  at  cone  6  (2,282 
degrees  F.),  with  no  indication  of  viscosity  at  cone  9 
(2,390  degrees  F.).  This  clay  would  do  for  the  manu- 
facture ot  terra  cotta,  or  would  make  a  pretty  pressed 
brick. 

Larue-Taylor  Boundary. 

Clay  No.  49.  The  Thomas  J.  Hash  property.  This 
property  is  in  Taylor  county,  but  borders  on  the  Larue 
countv  boundarv  to  the  north.  Mr.  Hash  is  the  owner  of 
a  small  store  on  the  boundary  line,  at  which  is  located 
the  postoffice  known  as  Hibernia.  On  land  owned  by 
Mr.  Hash,  at  a  point  about  one-hundred  and  fifty  yards 
south  of  his  store, and  dwelling,  there  is  an  exposure  of 
excellent  clay.  This  exi)osure  is  along  a  spring  branch 
which  flows  out  at  the  base  of  the  Conglomerate  Sand- 
stone. The  question  naturally  arises,  is  the  spring  a 
result  of  the  clay  deposit  which  the  water  encounters  on 
passing  down  through  the  Conglomerate,  or  is  the  clay 
deposit  a  result  of  deposition  by  the  spring?  The 
former  seems  to  be  the  true  condition.  In  the  first  place, 
if  the  deposit  were  formed  by  the  spring  branch,  one 
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would  expect .  the  bed  to  contain  alternating  layers  of 
gravel  and  sand  from  top  to  bottom.  As  a  matter  of  fact, 
borings  show  that  the  sand  and  gravel  occur  only  at  the 
surface.  The  surface  sand  and  gravel  form  the  spring 
bed  resting  on  the  chiy  deposit  at  this  point.  The  gravel 
is  the  result  of  concentration  of  pebbles  from  decay  of 
the  Conglomerate  Sandstone;  the  sand  cementing  the 
pebbles  is  broken  loose  by  continued  exposure  to  the  at- 
mospheric agencies  and  washed  away,  leaving  the  quartz 
pebbles  quite  thickly  scattered  over  the  surface.  At 
places  this  gravel  has  been  accumulated  to  a  consider- 
able amount  and  may  easily  be  mistaken  for  old  river 
deposits. 

Again,  that  the  clay  is  not  residual  from  spring  water 
is  shown  bv  the  fact  that  clav  is  found  at  the  same  ele- 
vation  across  a  ravine  to  the  east  and  also  on  the  oppo- 
site side  of  the  ridge  on  property  belonging  to  Mr.  T.  J. 
Nelson.  This  ridge  runs  to  a  height  of  from  seventy- 
five  to  one  hundred  and  twenty  feet  above  the  clay  level. 
The  latter  exposures  are  in  no  way  related  to  the  spring 
branch  mentioned  above. 

At  the  first  mentioned  exposure  along  the  branch, 
work  with  a  post-hole  digger  and  auger  revealed  the  fol- 
lowing section: 

Ft.  In. 

1.  Bluish  sand  and  gravel 2  0 

2.  Brownish   clay   3  4 

3.  Very  white  clay  0  10 

4.  White  clay,  slightly  stained  yellow 11  0 

5.  Bottom  of  boring. 

The  (luantitative  analysis  of  layer  Xo.  3,  as  made  by 
Burk  and  Lyon,  follows : 

Per  cent. 

Hygroscopic    water   3.82 

Combined    water    12.10 

Silica   49.14 

Alumina    32.24 

Iron   oxide    (Fe.O,)    1.40 

Lime    0.61 

Magnesia   0.09 

Sulphur  trioxide  0.24 

Alkalies    1.26 

Titanium  dioxide  0.01 

Total  ^ 100.91 
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The  rational  analysis  of  the  above  clay,  made  by 
Burk  and  Lyon,  follows: 

Clay  substance  82.75 

Quartz  16.06 

Feldspathic  detritus 1.19 

Total   100.00 

The  quantitative  analysis  of  layer  No.  4,  made  by 
Burk  and  Lyon,  follows : 

Per  Cent. 

Hygroscopic   water  2.71 

Combined    water   15.66 

Silica  43.64 

Alumina    34.57 

Iron  oxide    (FejO,) 2.01 

Lime    0.99 

Magnesia   0.10 

Sulphur   trioxide    0.53 

Alkalies  0.81 

Titanium    dioxide    tr. 

Total   101.02 

Following  is  the  rational  analysis  of  the  above  clay, 
also  made  by  Burk  and  Lyon: 

Per  cent. 

Clay  substance  93.67 

Quartz    5.19 

Feldspathic  detritus  1.14 

Total   100.00 

In  layer  No.  4,  there  are  occasional  hard  white  par- 
ticles of  clay  which  on  slight  notice  may  be  taken  for 
gravel.  They  may  be  scratched  with  the  finger-nail, 
however,  and  w^ould  possibly  be  of  no  serious  detriment 
to  the  clay  proper.  These  particles  are  due  no  doubt 
to  a  different  percentage  of  combined  w^ater  in  their 
make-up.* 

A  sample  of  this  clay  was  labeled,  ''Thomas  Hash 
Place,  borings  from  exposure  on  Mr.  J.  H.  Despain  line 

•Ky.  Geol.  Surv.,  Bull.  No.  6,  pp.  55-58.    For  further  discussion  see  same 
reference,    p.   54. 
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to  the  south. '^  This  sample  gave  the  following  charac- 
teristics: Color,  a  mixture  of  white  and  yellow;  pale 
yellow  when  ground  and  mixed;  when  burned,  the  color 
was  yellowish-gray  up  to  cone  6  (2,282  degrees  F.),  be- 
coming a  dark  gray,  j^eppered  with  white  specks,  at  higher 
temperatures.  Taste,  fat  and  gritty.  Texture,  soft,  coarse 
and  fine-grained,  irregular — some  portions  are  kaolin, 
others  are  sandy,  while  some  clear  quartz  particles  are 
present  (these  quartz  particles  will  cut  glass). 

When  ground  to  30-mesh  and  mixed  with  35.0  per 
cent  of  water,  it  made  a  fat  paste,  that  stood  rapid  dry- 
ing, and  that  shrank  9.0  per  cent  in  drying  and  an  equal 
amount  when  vitrified,  giving  a  total  shrinkage  of  18.0 
per  cent. 

The  air-dried  mud  showed  a  tensile  strength  of  103 
pounds  to  the  square  inch,  as  the  average  of  four  tests, 
with  a  maximum  strength  of  131.8  pounds.  Incipient 
vitrification  occurred  at  cone  4  (2,210  degrees  F.),  com- 
plete at  cone  7  (2,318  degrees  F.).  The  clay  burned  to 
a  hard,  compact  body  free  from  warping  when  in  thin 
pieces.  This  is  a  high-grade  clay  for  terra  cotta,  pressed 
brick,  and  would  make  a  pretty  floor  tile. 

Clay  No.  59.  This  clay  represents  borings  from  ex- 
posure No.  1,  near  the  dwelling  of  Mr.  Thos.  Hash,  as 
noted  above  under  Clay  No.  49. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pale  yellow;  burned  to  cone  1  (2,102  de- 
grees F.),  the  color  was  a  beautiful  pink,  changing  to  a 
white  and  losing  all  the  pink  tint  at  cone  7  (2,318  degrees 
F.).  Taste,  fat,  and  very  little  grit.  Texture,  soft,  and 
mediimi-grained,  uniform  and  compact. 

When  ground  to  30-mesh  and  mixed  with  36.0  per 
cent  of  water,  it  made  a  i)aste  of  fair  plasticity,  that 
stood  rapid  drying,  and  that  shrank  5.0  per  cent  in  dry- 
ing and  12.0  ])er  cent  more  in  burning,  giving  a  total 
shrinkage  of  17.0  per  cent.  The  air-dried  mud  showed  a 
tensile  strength  of  63  poimds  to  the  square  inch,  as  the 
average  of  three  tests,  with  a  maximum  strength  of  70 
pounds.  Incipient  vitrification  occurred  at  cone  5 
(2,246  degrees  F.),  but  was  not  complete  at  cone  9  (2,390 
degrees  F.).  It  burned  to  a  hard,  compact  body,  without 
warping  when  in  thin  pieces. 
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This  is  a  semi-refractory  clay  that  could  be  used  in 
the  manufacture  of  terra  cotta.  As  a  stoneware  clay,  it 
lacks  the  proper  toughness  and  plasticity  to  pennit  of 
its  being  turned  on  a  potter's  wheel,  but  these  physical 
qualities  could  be  supplied  in  a  mixture,  thus  making  the 
clay  suited  to  the  manufacture  of  stoneware. 

Clay  No.  64.  Clay  collected  from  surface  exposure 
on  the  Thomas  Hash  land.  Geological  position,  base  of 
Conglomerate. 

This  sample  gave  the  following  results:  Color,  mostly 
white  but  containing  green  and  yellow  to  a  slight  extent; 
burned  nearly  white.  Taste,  very  plastic,  and  gritty. 
Texture,  soft,  irregular.  When  ground  to  30-mesh  and 
mixed  with  37.0  per  cent  of  water,  it  made  a  very  plastic 
paste,  that  shrank  10.0  per  cent  in  drying  and  a  like 
amount  in  burning  to  cone  7  (2,318  degrees  F.),  giving  a 
total  shrinkage  of  20.0  j)er  cent.  Incipient  vitrification 
occurred  at  cone  5  (2,246  degrees  F.),  but  not  complete 
at  cone  7  (2,318  degrees  F.).  This  is  a  kaolin  of  a  fair 
quality,  but  it  is  not  suited  to  the  manufacture  of  por- 
eel  a  in 

Clay  No.  89.  Chemist's  No.  3127.)  Clay,  Hiber- 
nia,  Taylor-Larue  Line.  Base  of  Conglomerate.  Soil, 
one  foot;  sand  and  water,  four  and  one-half  feet;  clay, 
three  and  one-half  feet  deep  (as  deep  as  auger  went).  T. 
J.  Nelson  place. 

Average  sample  of  very  fragile  clay  containing 
some  quartz  pebbles.    Non-fusible  and  plastic. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100°  C 2.85 

Combined  water  15.02 

Silica  43.40 

Alumina  36.89 

Ferric  oxide  0.48 

Ferrous   oxide   -  0.22 

Calcium  oxide none 

Magnesium  oxide  0.43 

Sulphur  trioxide  tr. 

Phosphates  and  carbonates  -  none 

Potassium  oxide  0.21 

Titanium  dioxide 0.15 

Total  100.30 

Ratio  of  Iron  and  Alumina  to  Silica  1.15 
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A  fine  plastic  fire  clay  or  nearly  pure  kaolin. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pure  white,  and  remained  so  when  burned. 
Taste,  lean  and  gritty.  Texture,  soft,  fine-grained. 
When  ground  to  20-mesh  and  mixed  with  36.0  per  cent 
of  water,  it  made  a  mildly  plastic  paste,  that  shrank  8.0 
per  cent  in  drying,  and  a  like  amount  when  burned,  giv- 
ing a  total  shrinkage  of  16.0  per  cent.  The  air-dried 
mud  showed  a  tensile  strength  of  34.5  pounds  to  the 
square  inch  (one  test  only).  It  burned  to  a  hard,  granu- 
lar body,  and  showed  practically  no  indication  of  vitrifi- 
cation at  cone  11  (2,462  degrees  F.).  This  is  a  beautiful 
white-burning  refractorv  clay. 

Clay  No.  111.  (Chemist's  No.  3116.)  Clay  ^^Hi- 
bernia,"  Larue-Taylor  line.  Base  of  Conglomerate. 
John  Hodgi)atli,  three  miles  southeast  of  Hibernia. 

Average  sample  of  white  clay  consisting  of  small 
lumps  for  the  most  ])art,  also  contained  some  lumps 
streaked  with  iron  which  had  a  sandy  feel.  Slightly 
plastic  and  non-fusible  in  blow-pipe  flame. 

Analysis  of  AirDried  Sample. 

Per  cent. 

Moisture  at  100°  C 1.80 

Combined  water 12.21 

SiUca   52.54 

Alumina  30.18 

Ferric  oxide  1.12 

Ferrous   oxide  0.58 

Calcium  oxide  tr. 

Magnesium  oxide  1.16 

Potassium  oxide 0.83 

Sodium  oxide  0.31 

Titanium  dioxide   0.10 

Sulphur  trioxide  none 

Phosphorus    none 

Carbonates  none 

Total  100.83 

Ratio  of  Iron  and  Alumina  to  Silica  1.64 

A  samx)le  of  this  clay  gave  the  following  character- 
istics: Color,  pinkish-white;  burned  to  pink  and  then, 
at  higher  temperature,  to  a  grayish-white.     Taste,  fat, 
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some  grit.  Texture,  soft,  coarse  and  fine-grained. 
When  ground  to  20-mesh  and  mixed  with  31.0  per  cent 
of  water,  it  made  a  plastic  paste,  that  stood  rapid  dry- 
ing, and  that  shrank  7.0  per  cent  in  drying  and  an  addi- 
tional 9.0  at  cone  9  (2,390  degrees  F.),  giving  a  total 
shrinkage  of  16.0  per  cent.  The  air-dried  mud  showed 
a  tensile  strength  of  52  pounds  to  the  square  inch.  This 
is  a  high-grade  clay  for  the  manufacture  of  light  colored 
T)ressed  brick 

Clay  No.'  108.  (Chemist's  No.  3115.)  Clay  near  Hi- 
bernia,  Larue-Taylor  line.  Base  of  Conglomerate. 
John  Bulay  farm,  one  mile  northeast  of  Badger.  Clay 
in  Larue  county. 

Average  sample  of  yellow  sedimentary  clay  having 
a  rather  sandy  feel,  a  clay  odor,  plastic,  slightly  fusible 
in  blow-pipe  flame,  and  containing  a  trace  of  ferrous 
iron. 

Analysis  of  Air-Dried  Sampfe. 

Per  cent. 

Moisture  at  100'  C 1.82 

Combined  water  7.70 

•Silica 66.00 

Alumina   13.40 

Ferric  oxide  8.00 

Ferrous  oxide  tr. 

Calcium  oxide  tr. 

Magnesium  oxide 1.31 

Potassium  oxide  1.63 

Sodium  oxide  0.37 

Titanium  dioxide  0.50 

Total  100.73 

Ratio  of  Iron  and  Alumina  to  Silica 3.09 

The  ratio  is  right  for  a  Portland  Cement  clay. 

A  sample  of  this  clay  gave  the  following  characteris- 
tics: Color  yellow;  burned  dark  red.  Taste,  fairly  fat, 
and  quite  gritty.  Texture,  soft,  coarse  and  fine-grained. 
When  ground  to  20  mesh  and  mixed  with  31.0  per  cent  of 
water,  it  made  a  mildly  plastic  paste,  that  shrank  12.0 
per  cent  in  drying,  and  7.0  per  cent  additional  when  vit- 
rified, giving  a  total  shrinkage  of  19.0  per  cent.  The  air- 
dried  nmd  showed  a  tensile  strength  of  114  pounds  to 
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the  square  inch.  Incipient  vitrification  occurred  at  cone 
4  (2,210  degrees  F.),  complete  at  cone  9  (2,390  degrees 
F.).  This  is  a  good  grade  of  clay  for  a  red-burning 
Dressed  hrick 

Clay  No.  98.  ( Chemist 's  No.  3126. )  Clay,  Hibernia, 
Taylor-Larue  line,  near  base  of  Conglomerate  in  St. 
Louis.  J.  II.  Despain,  one-half  mile  south  of  Thos. 
Hasbstone. 

Average  sample  of  purple  colored  clay  containing 
a  few  lumps  of  yellow  clay.  Soems  to  be  free  from  sand 
and  gravel.    Plastic  and  fusible  in  blow-pipe  flame. 

Analysis  of  Air-Dried  Sample. 

Per  cent 

Moisture  at  100'  C 1.75 

Combined  water 5.19 

Silica  63.30 

Alumina  14.85 

Ferric  oxide  10.04 

Ferrous   oxide   0.36 

Calcium  oxide  none 

Magnesium  oxide  0.98 

Sulphur  trioxide  tr. 

Potassium  oxide  0.46 

Titanium  dioxide  0.87 

Total  99.63 

Ratio  of  Iron  and  Alumina  to  Silica  2.50 

The  ratio  is  ri^lit  for  a  Portland  Cement  clay.  Tlie 
iron  is  lii;u:h. 

A  sami)le  of  this  clay  ^avo  the  f()llo\vin<JC  character- 
istics: (\)lor,  brown,  lavender;  biiriKMl  brown.  Taste, 
fat,  stnir,  some  ^rit.  AVhen  ground  to  LM)-m(»sh  and  mixed 
^vith  IWX)  ])0Y  cent  of  \vat(»r,  it  niad(*  a  ])lastic  paste,  that 
shrank  8.0  ])er  cent  in  drying  and  an  additional  5.0  per 
cent  in  burning,  giving  a  total  shrinkage  of  1.*?.0  per  cent. 
The  air-dried  nuul  showed  a  tensile  strength  of  117 
l)ounds  to  the  scjuan*  inch.  Incipient  vitrification  oc- 
curn^l  at  cone  2  (2,1  .'5S  degrees  F.),  comi>lete  at  cone  6 
(2,2><2  degrees  F.),  and  somewhat  viscous  at  cone  9 
(2,.'}9()  degrees  F.).    This  clay  will  make  good  sew^er  pipe. 

(^LAv  Xo.  f)5.  ((Miemist's  Xo.  ;?12S.)  IMay  near  Hi- 
hernia,    Larue-Tavlor    Boundary.     St.    Louis    Horizon. 
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Clay  is  residual  from  kaolin  above,    100    feet.     Mrs. 
Martlia  Underwood  and  Jas.  C.  Scaggs. 

Average  sample  of  red  clay  for  the  most  part,  some 
yellow  and  white,  mixed.    Plastic  and  fusible. 

Analysis  of  Air-Dried  Sample.  _ 

Per  cent. 

Moisture  at  100**  C 1.43 

Combined  water  4.83 

Silica   65.20 

Alumina  13.76 

Ferric    oxide 8.88 

Ferrous  oxide 0.50 

Calcium  oxide tr. 

Magnesium  oxide  1.59 

Sulphur  trioxide  none 

Potassium  oxide  3.17 

Sodium    oxide    0.39 

Titanium  dioxide 0.80 

Total  100.55 

Ratio  of  Iron  and  Alumina  to  Silica  2.81 

The  ratio  is  right  for  a  Portland  Cement,  but  the 
iron  is  high. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pink  to  reddish-yellow  •„  burned  to  a  very 
dark  red.  Taste,  fat  and  gritty.  AVhen  ground  to  20- 
mesh  and  mixed  with  30.0  per  cent  of  water,  it  made  a 
plastic  paste,  that  shrank  8.0  per  cent  in  drying  and  a 
like  amount  additional  when  vitrified,  giving  a  total 
shrinkage  if  16.0  per  cent.  The  air-dried  mud  showed  a 
tensile  strength  of  65  pounds  to  the  square  inch.  The 
clay  burned  to  a  very  hard,  compact  body  when  vitrified, 
which  stage  was  reached  at  cone  01  (2,066  degrees  P.). 
The  clay  had  swollen  up  at  cone  6  (2,282  degrees  F.),  but 
showed  verv  little  tendencv  to  become  viscous.  This  is 
not  a  very  good  clay. 

Lewis  County. 

Clay  No.  163.  **Fire  clay.  Sample  from  11-foot  of 
14-foot  bed,  sample  being  obtained  from  one  foot  to  13 
feet  below  top  of  bed.  This  forms  top  part  of  Alger 
formation.     A^erner  Dryden  Place,  three-fourths  miles 
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north-northwest  of  Penn  Station,  Lewis  county,  Ky. 
Nearly  west  of  Dryden's  house  and  from  just  below  base 
of  AVest  Union  formations.  Face  of  exposure 
weathered.'' 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  light  gray  to  green;  burned  dark  red. 
Taste,  fat  and  smooth.  When  ground  to  20-mesh  and 
mixed  w^itli  26.0  i)er  cent  of  water,  it  made  a  plastic  paste, 
that  shrank  5.0  per  cent  in  drying  and  a  like  amount  ad- 
ditional in  vitrifying,  giving  a  total  shrinkage  of  10.0  per 
cent.  The  air-dried  mud  showed  a  tensile  strength  of  60 
pounds  to  the  sciuare  inch,  as  the  average  of  ten  tests, 
w^ith  a  maximum  strength  of  84  pounds.  Complete  vitri- 
fication occurred  at  cone  2  (2,138  degrees  F.),  viscosity 
at  cone  8  (2,354  degrees  F.).  This  is  a  good  common- 
brick  clav. 

Clay  No.  162.  ^*  Estill  shale,  404  R.  from  Carr's 
Fork  of  River  Road." 

A  sample  of  this  shale  gave  the  following  character- 
istics: Color,  light  brown;  burned  to  dark  red.  Taste, 
fat  and  smooth.  When  ground  to  20-mesh  and  mixed 
with  30.0  per  cent  of  w^ater,  it  made  a  very  plastic  paste, 
that  shrank  5.0  per  cent  in  drying  and  a  like  amount  in 
vitrifying,  giving  a  total  shrinkage  of  10.0  per  cent. 
The  air-dried  mud  showed  a  tensile  strength  of  68 
pounds  to  the  square  inch,  as  the  average  of  nine  tests, 
with  a  maximum  strength  of  84  pounds.  Complete  vitri- 
fication occurred  at  cone  1  (2,102  degrees  F.).  This  is  a 
connnon-brick  or  drain-tile  clay. 

Clay  No.  164.  **Blue  shale  which  cuts  into  gray 
shale  as  a  lentil  at  Firebrick,  Lewis  county,  Ky.  Ports- 
mouth Granite  Brick  Co." 

A  sami)le  of  this  clay  gave  the  following  character- 
istics: Color,  green,  burned  dark  red.  Taste,  fat  and 
smooth.  When  ground  to  20-mesh  and  mixed  with  24.0 
per  cent  of  water,  it  made  a  i^lastic  paste  that  shrank 
3.0  per  cent  in  drying  and  7.0  per  cent  additional  in  vit- 
rifying, giving  a  total  shrinkage  of  10.0  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  42  pounds  to 
the  square  inch  as  the  average  of  twelve  tests,  with  a 
maximum  strength  of  49  pounds.  Complete  vitrifica- 
tion occurred  at  cone  01  (2,066  degrees  F.).  This  is  an 
excellent  common-brick  clay. 
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Clay  No.  165.  *' Shale  from  top  of  hill,  back  of 
Portsmouth  Granite  Brick  Co.'s  works,  Firebrick,  Lewis 
county,  Ky.  " 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  bluish-gray;  burned  yellow  at  cone  1  (2,102 
degrees  F.),  slightly  yellow  at  cone  7  (2,318  degrees  F.), 
and  green  at  cone  9  (2,390  degrees  F.).  Taste,  fat  and 
smooth.  When  ground  to  20-mesh  and  mixed  with  26.0 
per  cent  of  water,  it  made  a  plastic  paste,  that  stood  a 
rapid  rate  of  drying,  and  that  shrank  3.0  per  cent  in 
drying  and  6.0  per  cent  more  when  vitrified,  giving  a  total 
shrinkage  of  9.0  per  cent.  The  air-dried  mud  showed  a 
tensile  strength  of  53  pounds  to  the  square  inch,  as  the 
average  of  three  tests,  with  a  maximum  strength  of  66 
pounds.  Incipient  vitrification  occurred  at  cone  01 
(2,066  degrees  F.),  complete  at  cone  8  (2,354  degrees  F.). 
It  burned  to  a  hard,  compact  body,  free  from  warping 
when  in  thin  pieces.  This  is  a  high-grade  clay  for 
stoneware  or  terra  cotta. 

Clay  No.  161.  *^  Sample  of  red  shale  just  below  yel- 
low, greenish-brown  argillaceous  sandstone  ledge,  and 
2  feet  of  gray  shale,  then  6Y2  f^^t  of  red.  Sample  21/2 
feet  of  middle  portion.    Near  Fruet,  Lewis  County,  Ky.'' 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  dark  brown;  burned  to  dark  red.  Taste, 
fat  and  smooth.  When  ground  to  20-mesli  and  mixed 
with  25.0  per  cent  of  water,  it  made  a  plastic  paste,  that 
shrank  5.0  per  cent  in  drying,  and  a  like  amount  in  vitri- 
fying, giving  a  total  shrinkage  of  10.0  per  cent.  The  air- 
dried  mud  showed  a  tensile  strength  of  77  pounds  to  the 
square  inch,  as  the  average  of  four  tests,  with  a  maxi- 
mum strength  of  89  pounds.  Complete  vitrification  oc- 
curred at  cone  01  (2,066  degrees  F.).  It  burned  to  a  good 
body  and  wall  make  an  excellent  common  brick  or  drain 
tile. 

Lewis  and  Carter  Line. 

Clay  No.  153.  ^'Fire  clay  from  Alford  Jordan 
place." 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  gray-slate;  burned  to  a  creamy- white. 
Taste,  lean,  gritty.  Texture,  hard,  and  rock-like.  When 
gi'ound  to  20-mesh  and  mixed  with  13.0  per  cent  of  water, 
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it  made  a  paste  that  was  exceedingly  low  in  plasticity, 
and  that  fell  to  pieces  quite  easily.  The  paste  shrank 
3.0  per  cent  in  drying  and  4.0  per  cent  additional  in 
burning,  giving  a  total  shrinkage  of  7.0  per  cent.  It 
showed  very  little  tensile  strength — only  from  three  to 
five  pounds  to  the  square  inch.  There  was  but  slight  in- 
dication of  vitrification  at  cone  11  (2,462  degrees  F.). 
This  is  a  fair  grade  of  flint  fire  clay. 

Livingston  County. 

Clay  No.  148.  The  Daniel  and  James  Cork  Place. 
This  place  is  located  at  Grand  Rivers,  Livingston  County, 
Ky.  The  clay  occurs  at  the  base  of  LaFayette  Conglom- 
erate. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  gray;  burned  to  a  pinkish — to  red-gray. 
Texture,  sandy.  Taste,  exceedingly  lean  and  wholly 
gritty.  When  ground  to  20-mesh  and  mixed  with  16.0 
per  cent  of  water,  it  made  a  paste  that  was  almost  wholly 
wanting  in  plasticity,  and  that  showed  practically  no  ten- 
sile strength.  The  paste  shrank  none  in  drying  or  burn- 
ing, but  expanded  slightly  in  burning.  It  burned  to  a 
granular  body  with  no  indication  of  vitrification  at  cone 
11  (2,462  degrees  F.). 

This  is  a  high-grade  fire  sand  that  would  be  useful 
in  the  construction  of  retort  furnaces  where  fluctuations 
of  temperature  would  destroy  fire  brick.  This  fire-sand 
lining  is  known  as  Dinas  brick. 

Clay  No.  140.  The  J.  E.  Williamson  Place,  Living- 
ston  County,  Ky.  This  land,  owned  by  Mr.  J.  E.  Wil- 
liamson, of  Paducah,  is  about  two  miles  north  of  Grand 
Eivers  and  a  half  a  mile  east  of  Gravel  Switch.  Here 
there  is  an  exposure  of  beautiful  white  clay.  The  deposit 
is  of  comparatively  recent  formation,  belonging  to  the 
Quaternary  period,  which  covered  the  area  of  Kentucky 
west  of  the  Cumberland  and  Tennessee  rivers,  and  at 
some  places  is  found  crossing  these  rivers.  The  clay  is 
between  the  two  rivers. 

At  the  exposure,  which  is  along  a  bold  ridge,  a  shaft 
had  been  sunk,  but  it  had  become  filled  before  the  examin- 
ation was  made.  According  to  information  given  by  Mr. 
Williamson,  the  shaft  was  over  thirteen  feet  deep  and 
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did  not  \)U'rcf*  tho  entire  thickness  of  the  deposit.    Fol- 
lowing is  the  section  at  the  exposure: 

1.  Soil  and  grave]  ^ 3  fU 

2.  White  clay  13  ft. 

3.  Covered  12%  ft. 

4.  BluiHh  limestone  2  ft. 

This  will  probably  prove  to  })e  a  valuable  deposit. 
The  liorizontal  extent  of  the  bed  could  not  well  be  de- 
terniin(?d,  because  of  timber  growth  around  the  ridge  in 
wliicli  tlie  clay  is  exposed. 

The  following  analysis,  made  for  the  survey  by  Burk 
and  Lyon,  indicate  a  relatively  pure  refractory  clay  of 
liigh  quality: 

Per  cent. 

Hygroscopic  moisture  0.50 

Combined  water  3.81 

Silica   83.47 

Alumina  8.20 

Ferric  oxide 1.16 

Lime  0.69 

Magnesia  0.12 

Potash  and  soda  0.74 

Titanium  dioxide   0.83 

Sulphur  trloxide  0.28 

Total  99.80 

The    Rational   Analysis   is: 

Clay  substance  33.03 

Quartz   64.43 

Feldspathic   detritus   2.54 

Total  lOO.OOC*) 

A  sample*  of  this  clay  gave  the  following  character- 
istics: Color,  almost  white,  slightly  gray;  burned  almost 
pun*  white*.  Taste,  fat  and  gritty.  When  ground  to  20- 
mesli  and  mixed  with  25.0  p(*r  cent  of  water,  it  made  a 
])lastic  i)ast(*,  that  stood  rapid  drying,  and  that  shrank 
5.0  p(*r  cent  in  drying  and  none  in  burning,  giving  a  total 
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shrinkage  of  5.0  per  cent.  The  air-dried  mud  showed  a 
tensile  strength  of  35  pounds  to  the  square  inch,  as  the 
average  of  six  tests,  with  a  maximum  strength  of  42 
pounds.  The  chiy  warped  some  in  drjdng  and  in  burn- 
ing. It  burned  to  a  hard,  compact  body.  Incipient  vitri- 
fication occurred  at  cone  7  (2,318  degrees  F.),  complete 
at  cone  11  (2,462  degrees  F.).  This  is  a  high-grade  semi- 
refractorv  clav,  that  will  make  a  most  beautiful  white 
pressed  brick  or  a  high  grade  terra  cotta. 

Marshall  County. 

Clay  Xo.  101.  (Chemist's  No.  3123.)  L.  Faust  clay, 
two  miles  east  of  Palma,  near  Palma  and  Birmingham 
Road.    Lower  Quaternar\\    Marshall  County,  Ky. 

Average  sample  of  light  gray  clay  containing  spots 
of  iron  and  some  sand.  Slightly  plastic  and  non-fusible 
in  blow-pipe  flame. 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  100**   C 1.93 

Combined    water    8.86 

Snica  55.90 

Alumina   26.34 

Ferric    oxide    2.24 

Ferrous  oxide  0.28 

Calcium    oxide    tr. 

Magnesium    oxide    1.01 

Sulphur   trioxide   tr. 

Potassium    oxide    1.89 

Sodium   oxide   0.33 

Titanium    dioxide    1.00 

Phosphates  and   carbonates none 

Total    99.78 

Ratio  of  Iron  and  Alumina  to  Silica 1.93 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  bluish-drab;  burned  to  a  yellowish-gray, 
becoming  gray  when  vitrified.  Taste,  fat,  very  little  grit. 
Texture,  soft,  and  mostly  fine-grained.  When  ground  to 
20-mesh  and  mixed  with  29.0  per  cent  w^ater,  it  made  a 
fairly  plastic  paste,  that  shrank  5.0  per  cent  in  drying 
and  9.0  per  cent  additional  when  vitrified,  giving  a  total 

geo.  28 
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shrinkage  of  14.0  per  cent.  The  air-dried  mud  showed  a 
t(»nsile  strength  of  63  pounds  to  the  scjuare  inch.  In- 
cipient vitrification  occurred  at  cone  5  (2,246  degrees  F.), 
complete  at  cone  9  (2,390  degrees  F.).  It  burned  to  a 
hard,  compact  body,  free  from  warx)ing.  This  is  a  rather 
higli-grade  clay  that  would  make  a  good  yellowish-gray 
pressed  brick  or  terra  cotta. 

Clay  No.  96.  (Chemist's  No.  3122.)  Wm.  Bunadell 
Place.  This  place  is  near  tlie  Bryantsburg  and  Gilberts- 
ville  Road,  about  two  and  a  half  miles  north  of  Brvants- 
burg,  Marshall  County,  Ky.     Base  of  Quaternary. 

Average  sami)le  of  white  clay  on  the  exterior,  but 
presenting  dark  bands  when  broken.  Contains  mica 
scales  and  is  rather  sandy.  Non-fusible  in  blow-pipe 
flame.    Slightly  plastic. 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  100°   C 1.10 

Combined    water    6.89 

Silica   65.10 

Alumina    22.18 

Ferric    oxide    1.28 

F'errous  oxide   0.28 

Calcium  oxide  tr. 

Magnesium    oxide    0.80 

Sulphur   trioxide    none 

Potassium  oxide  1.38 

Sodium   oxide   0  37 

Titanium  dioxide   1.12 

Phosphates  and   carbonates none 

Total    100.50 

Ratio  of  Iron  and  Alumina  to  Silica 2.78 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  light  gray;  burned  almost  white.  Taste, 
fat  and  somewhat  gritty.  When  ground  to  20-mesh  and 
mixed  with  30.0  per  cent  of  water,  it  made  a  very  plastic 
j)aste,  that  shrank  5.0  per  cent  in  drying,  and  an  ad- 
ditional 5.0  per  cent  when  burned  to  cone  9  (2,390  degrees 
F.),  giving  a  total  shrinkage  of  10.0  per  cent.  The  air- 
Iried  nind  showed  a  tensile  strength  of  55  pounds  to  the 
scpiare  inch.    The  clay  burned  to  a  hard,  compact,  white 
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body.  Iiicipioiit  vitrification  occurred  at  cono  9  (2,390 
degrees  F.),  with  very  little  change  at  cone  11  (2,462  de- 
grees F.).  This  is  a  white-burning  refractory  clay  of  ex- 
cellent qualitv. 

Clay  Xo.^  91.  (Chemist's  No.  3120.)  This  is  another 
sample  from  the  same  locality  as  Clay  No.  96,  given 
above. 

Average  sample  of  light  gray  clay  having  a  soapy 
feel  and  eiay  odor.  Quite  homogeneous  in  character. 
Contained  some  scales  of  mica.  A  good  looking  speci- 
men of  clay.    Non-fusible  in  blow-pipe  flame. 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at  100"  C 1.10 

Combined    water    7.57 

Silica  63.20 

Alumina   23.32 

Ferric    oxide    1.22 

Ferrous  oxide   0.22 

Calcium    oxide    none 

Magnesium    oxide    tr. 

Potassium    oxide    1.41 

Sodium   oxide    0.32 

Titanium    dioxide    1.10 

Phosphates  and   carbonates none 

Total    99.46 

Ratio  of  Iron  and  Alumina  to  Silica  2.55 

The  ratio  is  right  for  a  Portland  Cement  clay. 

A  sample  of  this  clay  gave  the  following  character- 
istics: (^olor,  almost  white,  slightly  yellowish;  burned 
to  pinkish-white  at  cone  I  (2,102  degrees  F.),  becoming 
more  of  a  yellowish,  dirty-white  at  higher  temperatures. 
Tast<%  fat  and  some  grit.  When  ground  to  20-mesli  and 
mixed  with  17.0  per  cent  of  water,  it  made  a  moderately 
y^lastic  paste,  that  stood  rapid  drying,  and  that  shrank 
7.5  per  cent  in  drying  and  a  like  amount  additional  in 
burning  to  cone  9  (2,390  degrees  F.),  giving  a  total 
shrinkage  of  15.0  per  cent.  The  air-dried  mud  showed  a 
tensile  strength  of  65  pounds  to  the  square  inch.  The 
clay  burned  to  a  very  hard,  compact  body.  Incipient 
vitrification  occurred  at  cone  6  (2,282  degrees  F.),  com- 
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plete  at  cone  9  (2,390  degrees  F.).   This  is  an  excellent 
semi-refractory  clay  for  earthenware,  terra  cotta,  etc. 

Clav  No.  114.  (Chemist's  No.  3121.)  L.  Loften  clay, 
Paducah  and  Benton  Road  at  Scale,  ^farshall  County, 
Ky.   Lower  Quaternary. 

Average  sample  of  wliite  clay  colored  in  spots  by 
iron,  having  a  sandy  feel  and  containing  scales  of  mica. 
Plastic  and  non-fusible  in  blow-pipe  flame. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100°  C 1.25 

Combined  water 8.45 

Silica   60.60 

Alumina  25.06 

Ferric  oxide  1.36 

Ferrous  oxide   0.43 

Calcium  oxide  none 

Magnesium    oxide    tr. 

Potassium  oxide  1.40 

Sodium  oxide  0.24 

Titanium  dioxide  1.00 

Sulphur  trioxide  none 

Phosphates  and  carbonates  none 

Total  99.79 

Ratio  of  Iron  and  Alumina  to  Silica  2.27 

A  sample  of  this  clay  gave  the  following  character- 
istic: Color,  yellowish-gray,  nearly  white;  burned  to  a 
cream-yellow,  changing  to  a  muddy-gray  at  higher  tem- 
perature. Taste,  fat,  and  a  little  grit.  Texture,  soft, 
fine  and  coarse-grained.  When  ground  to  20-mesh  and 
mixed  with  3(5.0  per  cent  of  water,  it  made  a  very  i)lastic 
j)aste,  that  stood  rapid  drying,  and  that  shrank  5.0  per 
cent  in  drying  and  6  per  cent  more  in  burning  to  cone  9 
(2,390  degrees  F.),  giving  a  total  shrinkage  of  11  per 
cent.  Th(»  air-dried  mud  showed  a  tensile  strength  of 
42  pounds  to  the  square  inch.  Incii)ient  vitrification  oc- 
curred at  coiH*  6  (2,282  degrees  J".),  complete  at  cone  10 
(2,42(5  degrees  F.).  This  is  a  high-grade  clay  for  the 
manufacture  of  terra  cotta  and  stoiu^ware. 
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McCracken  County. 

Clay  No.  26.  Ball-clay.  This  sample  was  handed 
in  by  Dr.  J.  W.  Pryor,  of  the  State  University,  and  was 
designated  by  him  as  No.  1.  This  sample  represenths 
the  ui)per  three  feet  of  a  six-foot  bed  of  clay,  located 
about  eight  miles  south  of  Paducah,  McCracken  county, 
Kv.,  on  the  Contest  Road. 

The  sami)le  of  this  clay  gave  the  following  character- 
istics: Color,  nearly  white  when  dry,  and  gray  when  wet; 
when  burned  below  cone  8  (2,354  degrees  F.),  the  color 
was  almost  white,  becoming  somewhat  gray  at  cone  9 
(2,390  degrees  F.).  Texture,  very  soft,  fine-grained, 
massive  and  uniform.  When  ground  to  20-mesh  and 
mixed  with  30.0  per  cent  of  water,  it  made  a  very  plastic 
paste,  that  shrank  5.0  per  cent  in  drying,  and  9.0  per 
cent  more  when  burned  to  cone  9  (2,390  degrees  F.),  giv- 
ing a  total  shrinkage  of  14.0  per  cent. 

Incipient  vitrification  occurred  at  cone  9  (2,390  de- 
grees F.),  complete  at  cone  11  (2,462  degrees  F.).  It 
stood  quite  rapid  dying.  There  was  no  checking,  crack- 
ing or  warping  in  drying  and  none  in  burning. 

Tliis  seems  to  be  an  unusually  fine  quality  of  ball- 
clav. 

Clay  No.  28.  Ball-clay.  This  sample  was  handed 
in  bv  Dr.  J.  W.  Prvor,  of  the  State  tlniversitv,  and 
designated  by  him  as  No.  2.  This  sample  represents  the 
lower  four  feet  of  the  six-foot  bed  of  clay  mentioned 
above  under  Clay  No.  26. 

This  sample  gives  the  following  characteristics: 
Color,  brown  when  dry,  and  quite  dark  brown  when  wet; 
when  burned  below  cone  8  (2,354  degrees  F.),  the  color 
was  almost  white,  becoming  very  light  gray  at  cone  9 
(2.390  degrees  F.),  and  remaining  so  at  cone  11  (2,462 
degrees  F.).  Texture,  massive,  very  soft,  fine  grained 
and  uniform;  when  disintegrated  by  prolonged  shaking 
in  water,  practically  no  detritus  remained  on  the  100- 
mesh  sieve. 

When  ground  to  20-mesh  and  mixed  with  31.0  per 
cent  of  water,  it  made  a  plastic  paste,  that  shrank  5.0  per 
cent  in  drying  and  12.0  per  cent  additional  when  burned 
to  cone  9  (2,390  degrees  F.),  giving  a  total  shrinkage  of 
17.0  per  cent.  Incipient  vitrification  occured  at  cone  9 
(2,390  degrees  F.),  complete  at  cone  11  (2,462  degrees 
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F.).  It  stood  a  fair  rato  of  drying.  Thore  was  no  crack- 
ing or  warping  in  burning. 

This  is  an  <»xc(dlent  quality  of  ball  clay. 

('lav  \o.  .*{().  Hall-clay.  This  sanii)lc  was  handed  in 
l)v  Dr.  J.  W.  Prvor,  of  the  Stat(»  University,  and  desig- 
natcd  by  him  as  Xo.  3.  This  sample  is  from  the  upjK^r 
four  f(M»t  of  a  six-foot  \hh\  of  clav  about  seven  and  a  half 
miles  south  of  I^aducah,  McCrac'ken  County,  Ky.,  on  the 
(V)nt(»st  Hoad.  (May  Xo.  lU  is  from  the  lower  three  feet 
of  this  same  b(»d. 

The  sample  gave  th(»  following  characteristics: 
(V)lor,  almost  white*  when  dry,  and  slightly  gray  when 
wet.  WHien  burn(»d  at  temi)eratures  below  cone  8  (2,354 
d(»gr(»es  F.),  the  color  was  almost  white,  becoming  a 
very  light  gray  at  cone  9  (2,390  degrees  F.).  Texture, 
very  soft,  nuissive,  fin(»-grained  and  uniform.  When 
disint<»grat(Ml  l)v  y)r()longed  shaking  in  water,  y)ractically 
no  detritus  r(»main(»(l  on  th<»  l(J()-m(»sli  seive. 

Wh(»n  ground  to  2()-m(»sh  and  mixed  with  31.0  j)er 
cent  wat(»r,  it  nuule  a  very  plastic  ])aste,  that  shrank  5.0 
j)(M'  cent  in  drying  and  13.0  p*er  c^»nt  more  when  burned 
to  con(»  9  (2,390  degre(»s  P\),  giving  a  total  shrinkage  of 
IS.O  per  c(»nt.  The*  t(»nsil(»  strength,  as  shown  by  the 
averai^i*  of  thrcu*  t<»sts,  was  50  ])ounds  to  the  square  inch. 
Incipient  vitrification  occurred  at  cone  9  (2,390  degrees 
F.),  complete  at  cone  11  (2,4()2  degrees  F.).  There  was 
no  warping  or  cracking  in  burning. 

1'his  is  a  most  <»xcell(Mit  ball-clay  and  gives  i)romise 
of  IxMug  ono  of  th(»  most  in^.])ortant  clays  in  Kentucky. 

(^1  AV  Xo.  34.  This  sami?le  was  brought  in  by  Dr.  J. 
W.  Pryor,  and  repr(»s(»nts  the  lower  three*  feet  of  the  bed 
of  clay  describ(»d  above*  under  Clay  Xo.  30.  This  sample 
was  designated,  by  Dr.  Pryor,  as  Xo.  4. 

it  gav(*  th(»  following  characteristics:  Color,  brown, 
both  wet  and  dry;  it  burncMl  to  a  light  gray  at  cone  11 
(2,+f)2  degn»es  F.).  Taste*,  tat  and  no  grit.  When  disin- 
l<»grate(l  by  prolongcMl  shaking  in  water,  no  d(*tritus  re- 
mained on  the  lOO-mesh  s(*ive. 

When  ground  to  20-m(*sh  and  mixed  with  3(\0  per 
cent  ol'  watiM,  it  miide  a  plastic  paste  that  stood  rapid 
drying,  and  thai  shrank  9.0  per  c(*nt  in  drying  and  a  like 
amount  when  vitrified,  giving  a  total  shrinkage  of  18.0 
per  c(*nt. 
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The  clay  was  fully  vitrified  at  cone  11  (2,462  de- 
grees F.). 

This  is  an  excellent,  light-grav-burning  clav. 

Clay  No.  112.  (Chemist's  No.  3117.)  Victor  Welch 
clay  on  Loneoak  and  Mayfield  Road,  three  miles  from 
Loneoak,  McCracken  County,  Ky.  Geological  position, 
Lagrange. 

Average  sample  of  clay  having  whitish-blue  cast  and 
a  sandv  feel.  Looks  like  clav  usuallv  found  in  Craw^-fisli 
land.  Sonic*  spots  of  iron  present.  Slightly  plastic  and 
non-fusihle  in  blow-pipe  flame. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100°  C 1.07 

Combined    water    7.20 

Silica   69.40 

Alumina    18.50 

Ferric  oxide  1.15 

Ferrous   oxide   0.29 

Calcium  oxide  tr. 

Magnesium  oxide 0.36 

Potassium  oxide  0.85 

Sodium  oxide  0.18 

Titanium  dioxide  0.50 

Sulphur  trioxide none 

Phosphates   and   carbonates none 

Total  99.50 

Ratio  of  Iron  and  Alumina  to  Silica  3.48 

The  ratio  is  right  for  a  Portland  Cement  clay. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  greenish-gray;  burned  to  a  very  pale  yel- 
low. Taste,  fairly  plastic,  some  fine  grit.  Texture,  soft, 
fine  and  coarse-grained.  When  ground  to  20-mesh  and 
mixed  with  25.0  i)er  cent  of  water,  it  made  a  mildly  plas- 
tic paste,  that  stood  rapid  drying,  and  that  shrank  2.0 
per  cent  in  drying  and  3.0  per  cent  in  burning  to  cone  9 
(2,390  degrees  F.),  giving  a  total  shrinkage  of  5.0  per 
cent. 

The  air-dried  mud  showed  a  tensile  strength  of  70 
pounds  to  the  square  inch.     It  burned  to  a  somewhat 
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sandv  bodv,  and  was  but  slightly  vitrified  at  cone  11 
(2,462  degrees  F.). 

Tliis  is  a  fairlv  good  grade  of  fire-clav. 

Clay  No.  104.  "  (Chemist's  No.  3118.)  ^  Ridiard  Bell 
clay,  on  Paducah  and  Mayfield  Road,  four  miles  south 
of  Paducah,  McCracken  County,  Ky.  Ochreous,  plastic 
clay,  base  of  Lafayette  or  Stratified  Drift  of  Quaternary. 
Thickness,  six  to  twelve  feet. 

Average  sample  of  yellow  and  white  clay,  more  of 
the  white  than  of  the  yellow.  Had  a  soapy  feel,  plastic 
and  fusible  below  blow-pipe. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100°  C 2.90 

Combined  water 8.95 

Silica  55.76 

Alumina  23.72 

Ferric  oxide  5.44 

Ferrous   oxide   0.43 

Calcium  oxide  tr. 

Magnesium  oxide  0.92 

Potassium  oxide  1.74 

Sodium  oxide  0.32 

Titanium   dioxide  0.80 

Sulphur  trloxide  none 

Phosphates  and  carbonates  none 

Total  100.98 

Ratio  of  Iron  and  Alumina  to  Silica  1.93 

A  sami)le  of  this  clay  gave  the  following  character- 
istics: Color,  yellow;  burned  dark  red.  Taste,  fat,  and 
very  little  grit.  Texture,  soft  and  fine-grained.  AVhen 
ground  to  2()-inesh  and  mixed  with  37.0  per  cent  of  water, 
it  made  a  X)lastic  paste,  that  shrank  8.0  in  drjang  and  12.0 
per  cent  additional  when  vitrified,  giving  a  total  shrink- 
age of  20.0  per  cent.  The  air-dried  mud  showed  a  ten- 
sile strength  of  82  pounds  to  the  square  inch.  It  burned 
to  a  hard,  compact  body.  Incipient  vitrification  oc- 
curred at  cone  01  (2,066  degrees  F.),  comph*t(»  at  cone 
6  (2,282  degrees  F.)  This  clay  will  make  a  fair  grade  of 
paving  brick. 
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Clay  No.  110.  (Chemist's  No.  3119.)  Gus  Munier 
clay  on  Paducah  and  Mayfield  Road,  five  and  a  half  miles 
south  of  Paducah,  McCracken  County,  Ky.    Lagrange. 

Samples  consisted  of  three  rather  large-sized  lumps 
of  bluish  looking  clay  streaked  with  brown.  Had  a  soapy 
feel  and  clay  odor.    Plastic  and  fusible  before  blow-pipe. 

Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100°  C 2.95 

Combined  water  8.55 

Silica  59.06 

Alumina  22.54 

Ferric    oxide    2.72 

Ferrous   oxide  0.43 

Calcium  oxide  none 

Magnesium  oxide  1.01 

Potassium  oxide  1.49 

Sodium  oxide  0.36 

Titanium  dioxide 0.80 

Total  99.91 

Ratio  of  Iron   and   Alumina   to    Silica 2.30 

A  sample  of  this  elay  gave  the  following  character- 
istics: Color,  brown  when  wet;  brownish-gray  when  dry; 
burned  yellowish-brown  at  cone  6  (2,282  degrees  F.), 
changing  to  gray,  slightly  yellowish,  at  cone  9  (2,390  de- 
grees F.).  Taste,  fat  and  smooth.  Texture,  soft,  fine- 
grained, massive  and  uniform.  When  ground  to  20- 
mesh  and  mixed  with  31.0  j)er  cent  of  water,  it  made  a 
plastic  paste,  that  shrank  7.0  j)er  cent  in  drying,  and 
8.0  per  cent  additional  when  vitrified,  giving  a  total 
shrinkage  of  15.0  per  cent.  The  air-dried  mud  showed 
a  tensile  strength  of  61  pounds  to  the  square  inch.  It 
burned  to  a  hard,  compact  body.  Incipient  vitrification 
occurred  at  cone  4  (2,210  degrees  F.),  complete  at  cone 
9  (2,390  degrees  F.). 

This  is  a  fair  grade  of  buff-burning,  terra  cotta  clay. 
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Ohio  County. 

The  two  following  Ohio  county  clays  were  not  turned 
over  to  the  writer  to  be  tc^sted,  but  the  analysis  and  re- 
marks by  the  Surv(»y  Chemist,  J.  S.  Meliargue,  are  given 
below. 

Chemist's  Xo.  3171.  Location  of  clav:  on  the 
Power's  place,  Narrows,  Ky.  On  the  branch  of  I.  C.  R.  R. 
between  Owensboro  and  Horse  Branch,  Ky.  Sent  by 
Lyman  B.  Rosenfield,  Henderson,  Ky. 

A  very  large  sample  of  rather  large,  medium  and 
fine  red  clay  material,  containing  some  roots  and  a  few 
pieces  of  unweathered  shale.    Fusible  in  blow-pipe  flame. 

Analysis  of  Air-dried  Sample: 

Per  cent. 

Moisture  at   100°    F 3.40 

Combined    water    9.51 

SiUca   51.84 

Alumina    22.80 

Ferric    oxide    7.36 

Ferrous   oxide   0.58 

Calcium    oxide    tr. 

Magnesium    1.48 

Sulphur  trioxide  none 

Phosphates    tr. 

Potassium  oxide  2.48 

Sodium   oxide    0.50 

Titanium  dioxide  0.50 

Total    100.45 

Ratio  of  Iron  and  Alumina  to  Silica 1.68 

Should  be  ^ood  for  terra  cotta,  a  fine  clay  for  build- 
ing brick. 

Chemist's  No.  3172.  Location  of  clav:  on  the 
Power's  place,  Narrows,  Ky.  On  the  I.  C.  R.  K.  branch 
between  Owensboro  and  Horse  Branch,  Ohio  county,  Ky. 
Sent  by  Lyman  B.  Kosenfield,  Henderson,  Ky. 

A  large  sami)le  of  gray  clay  containing  unweathered 
shale  and  fine  clay  material.  A  fair  looking  specimen 
of  clay.  Slightly  fusible  in  blow-pipe  flame.  Burns 
w^hite. 
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Analysis  of  Airdried  Sample: 

Per  cent. 

Moisture  at   100°   C 1.53 

Combined    water    6.31 

Silica   64.60 

Alumina   19.70 

Ferric  oxide  1.84 

Ferrous  oxide  0.50 

Calcium    oxide    tr. 

Magnesium    oxide    1.12 

Sulphur   trioxide    tr. 

Phosphates none 

Potassium    oxide    2.52 

Sodium    oxide    0.45 

Titanium   dioxide  0.90 

Total    99.47 

Ratio  of  Iron  and  Alumina  to  Silica 2.92 

The  composition  is  ri^ht  for  a  Portland  cement  clay. 

Clay  No.  134.  (Chemist's  No.  3178.)  White  clay 
from  Power's  i)lace  on  I.  C.  R.  R.,  between  ()wensl>oro 
and  Horse  Branch,  Oliio  county,  Kv.  Sent  by  L^nnan 
B.  Rosenfield,  Henderson,  Ky. 

Sample  consisted  of  several  rather  large  lumps  of 
gray  chiy  coated  in  seams  with  iron  oxide.  Slightly 
fusible  iii  blow-pipe  flame.    Not  an  average  sample. 

Analysis  of  Air-dried  Sample:  p  ^ 

Moisture  at   100"    C 2.20 

Combined    water    6.09 

Silica   61.44 

Alumina    21.44 

Ferric    oxide    2.16 

Ferrous  oxide  0.57 

Calcium  oxide  1.20 

Magnesium    oxide    1.01 

Sodium   oxide   0.82 

Potassium    oxide 2.83 

Titanium    dioxide    0.50 

Sulphur   trioxide    tr. 

Phosphorus    none 

Total    100.26 

Ratio  of  Iron  and  Alumina  to  Silica 2.51 
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The  sample  of  this  clay  gave  the  following  char- 
acteristics: Color,  bluish-gray;  burned  bright  cream-yel- 
low at  cone  1  (2,102  degrees  F.),  changing  to  dark  gray 
at  higher  temperatures.  Taste,  fat,  slightly  gritty. 
Texture,  hard,  fine-grained.  When  ground  to  20-mesh 
and  mixed  witli  22.5  per  cent  of  water,  it  made  a  plastic 
paste,  that  shrank  5.0  per  cent  in  drying,  and  7.5  per 
cent  additional  when  vitrified,  giving  a  total  shrinkage 
of  12.5  per  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  76  pounds  to  the  square  inch,  as  the  average 
of  fourteen  tests,  with  a  maximum  strength  of  110 
pounds.  It  burned  to  a  hard,  compact  body  free  from 
warping.  Complete  vitrification  occurred  at  cone  9 
(2,390  degrees  F.).  This  clay  will  make  a  good  grade  of 
terra  cotta,  pressed  brick,  etc. 

Clay  No.  80.  (Chemist's  No.  3124.)  This  clay  is 
from  Board's  Switch,  about  three  miles  southeast  of 
Fordsville,  Ohio  county,  Ky.  The  clay  is  about  six  feet 
above  the  railroad  and  lies  above  the  Mitchell  Limestone. 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  red  to  yellow ;  reddish-yellow  when  mixed ; 
dark  r(»d  when  burned.  Taste,  fat,  gritty,  and  ijuite  sour. 
Texture,  soft  c()ars(»  and  fine-grained,  containing  some 
roots  and  gravel.  When  ground  to  20-mesh  and  mixed 
w^th  37.0  per  cent  of  water,  it  made  a  plastic  paste,  that 
stood  a  fair  rate  of  drying,  and  that  shrank  10.0  per 
cent  in  drying  and  a  lik(»  amount  when  vitrified,  giving 
a  total  shrinkage  of  20.0  per  cent.  The  air-dried  mud 
showed  a  tensile  strength  of  161  pounds  to  the  square 
inch  (only  one  test).  It  burned  to  a  hard,  compact  body, 
n(»arly  vitrified  at  cone  1  (2,102  degrees  F.),  without 
much  farther  change  towards  viscosity  at  cone  6  (2,282 
degrees  F.).    This  is  a  common-brick  and  drain-tile  clay. 

The  analysis  of  this  clay  follows: 

Per  cent. 

Moisture  at   100°    C 3.75 

Combined  water 9.32 

Silica  52.10 

Alumina    22.48 

Ferric    oxide    6.88 

Ferrous  oxide  0.65 

Calcium    oxide    tr. 

Magnesium,  oxide  1.45 


Kentucky  Geological  Survey  877 

Per  cent 

Sulphur  trioxide  none 

Phosphorus   pentoxide   none 

Potassium    oxide    3.04 

Sodium   oxide   0.01 

Titanium  dioxide  0.62 

Total   100.30 

Ratio  of  Iron  and  Alumina  to  Silica 1.73 

Rational  analysis: 

Quartz  34.69 

Feldspar   11.88 

Clay  substance  40.36 

Moisture  and  combined   water 3.07 

Total    100.00 

Powell  County. 

Clay  No.  67.  (See  Clay  No.  146,  Clark  county.) 
The  A.  H.  Anderson  Place.  The  clay  exposure  under 
consideration  is  on  tlie  Indian  Fields  and  Clay  City  Road, 
at  the  crossing  of  the  Virden  and  Kiddville  road,  two 
miles  southeast  of  Indian  Fields,  Clark  County,  Ky., 
about  three  hundred  vards  west  of  the  L.  &  E.  R.  R. 

Here  there  is  a  long  gully  which  exposes  the  entire 
deposit  of  greenish,  ])lastic  clay.  The  dei)osit  is  quite  an 
extensive  one  vertically  and  is  found  exposed  over  an 
area  of  from  fiftv  to  seventv-five  acres.  The  clay  is 
Crab  Orchard  and  is  interlaid  with  strata  of  massive 
brown  limestone.  It  is  well  suited  for  shipping  or  for 
being  worked  on  the  ground.  Lulbegrud  creek  flow^s 
along  about  thirty  feet  below  the  deposit.  The  following 
is  a  section  of  the  exposure: 

Ft.     In. 

1.  Soil  and  vegetation 2 

2.  Greenish,    plastic    clay 10 

3.  Brown  limestone  layer  10 

4.  Greenish,  plastic  clay 11       . 6 

5.  Brown  limestone  layer 4        8 

6.  Greenish,  plastic  clay 15 

7.  Sand  from  Lulbegrud  Creek Unconformity* 
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A  sample  of  this  clay  gave  the  following  character- 
istic: Color,  green;  burned  to  a  dark  brown,  almost 
black  wlien  fused.  Taste,  fat,  free  from  grit.  Texture, 
soft,  fine-grained.  When  ground  to  30-mesh  and  mixed 
with  26.0  i)er  cent  of  water,  it  made  a  very  plastic  paste, 
that  stood  rapid  drjdng,  and  that  shrank  9.0  per  cent  in 
drying.  The  air-dried  mud  showed  a  tensile  strength  of 
130  pounds  to  the  scjuare  inch,  as  the  average  of  three 
tests,  with  a  maximum  strength  of  153.8  pounds.  The 
clay  reached  viscosity  at  cone  6  (2,282  degrees  F.).  This 
is  a  low-grade  clay  that  will  make  common  brick. 

Clay  No.  60.  The  \'irden  Kxposure.  In  the  first 
cut  east  from  Virden,  on  the  L.  &  E.  R.  R.,  Powell 
County,  Ky.,  there  is  an  exposure  of  Crab  Orchard 
Shale.  This  shale,  where  exposed,  has  weathered  to  a 
greenish,  plastic  clay. 

The  land  on  either  side  of  the  railroad  here  is  owned 
by  Mr.  A.  II.  Anderson.  In  the  cut  there  is  about  four 
feet  of  Crab  Orchard  Shale  at  the  bottom,  overlaid  by 
Corniferous  Limestone,  which  is  itself  overlaid  bv  Ohio 
Black  Shale.  This  shale  and  clay  are  exposed  over  the 
lands  on  both  sides  of  the  railroad,  covering  an  area  of 
about  one  hundred  acres.  The  strata  of  Corniferous 
Lhnestone  range  from  five  to  nine  feet  in  thickness.  Fol- 
lowing is  an  average  section  of  the  exi)Osures  here: 

1.  Ohio  black  shale  20  ft. 

2.  Corniferous  limestone  5  to     9  ft. 

3.  Greenish  shale  (Silurian)  4  to     7  ft. 

4.  Covered. 

Following  is  the  analysis  of  this  clayey  shale,  made 
for  the  survey  by  the  State  Agricultural  Experiment 
Station : 

Per  cent. 

Hygroscopic  moisture  1.99 

Combined  water  and  volatile  matter 19.26 

Silica    37.30 

Alumina  15.63 

Ferric  oxide  2.37(?) 

Lime    10.59 

Magnesia    2.22 

Potash  3.56 

Soda   :....      0.33      " 
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Per  cent. 

Titanium  dioxide   0.50 

Sulphur  trioxide  0.12  ( ?) 

Phosphorus   pejitoxide    0.26 

Iron  bisulphide  (FeS.)  4.65(?) 

Total    V-.    98.78 

Tli(^  total  sulphur,  calculated  as  80.^,  is  6.31  per 
cent.  Total  iron,  calculated  as  FeO^,  is  5.47  per  cent. 
The  greater  part  of  the  sulphur  is  in  the  FeSo,  but  some 
of  it  is  evidently  in  the  form  of  sulphate.  (*) 

A  sample  of  tliis  clay  gave  the  following  character- 
istics :  Color,  green,  both  wet  and  dry ;  burned  to  a  dark 
brown.  Taste,  fairly  fat,  and  very  little  grit.  Texture, 
soft,  shaly,  coarse-grained.  When  ground  to  30-mesh 
and  mixed  with  22.0  per  cent  of  water,  it  makes  a  moder- 
ately phistic  paste,  that  recjuired  slow  drying,  and  that 
shrank  5.0  per  cent  in  diying.  The  air-dried  mud 
showed  a  tensile  strength  of  95  pounds  to  the  square 
inch,  the  same  strength  being  given  by  each  of  three 
tests.  The  clay  was  completely  fused  at  cone  4  (2210'^ 
F.).    This  is  an  exceedingly  low-grade  clay. 

Clay  No.  ()9.  The  J.  M.  Kennon  Place.  This  place 
is  on  the  Chiv  Citv  and  Hardwick's  Creek  Road,  one  mile 
from  Clav  Citv,  Powell  Countv,  Kv. 

The  clay  examined  on  this  farm  is  in  a  low,  level 
area  which  was  once  covered  by  Red  River.  The  clay 
is  plainly  fluviatile  in  origin  and  is  of  a  light  brown 
color.  It  is  reported  as  a  good  brick  clay,  having  lx*en 
us(»(l  for  this  i)urpose  by  a  local  company.  The  exposure 
presents  about  three  feet  of  the  upi)er  portion  of  the  de- 
posit. The  entire  thickness  is  about  six  feet.  Following 
is  the  section  of  exposure: 

1.  Sandy  jfoil  2  ft. 

2.  Light,  brown  clay  6  ft. 

3.  Covered,  (t) 

A  sample  of  this  clay  gave  the  following  character- 
istics:  Color  when  mixed,  brownish-gray — (juite  dark; 
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when  burned  to  cone  1  (2102°  F.),  the  color  was  bright 
red,  very  thickly  speckled  with  white  particles;  became 
dark  red  at  higher  temperatures  and  less  speckled. 
Taste,  fairly  fat,  sour,  and  free  from  grit.  Texture,  soft, 
soil-like,  coarse-grained.  When  ground  to  20  mesh  and 
mixed  with  lib.O  per  cent  of  water,  it  made  a  plastic 
paste,  that  required  slow  drying  and  that  shrank  6.0 
per  cent  in  diying  and  12.0  per  cent  additional  when 
vitrified,  giving  a  total  shrinkage  of  18.0  per  cent.  The 
air-dried  mud  showed  a  tensile  strength  of  101  pounds 
to  the  square  inch,  as  the  average  of  five  tests,  with  a 
maximum  strength  of  106  pounds.  Incipient  vitrifica- 
tion occurred  at  cone  1  (2102°  F.),  complete  at  cone  6 
(2282°  F.).  This  is  a  low-grade  clay  that  is  of  little 
value  except  for  a  medium  grade  of  common  brick. 

Clay  No.  63.  The  John  Wasson  Place.  The  fanii 
of  Mr.  John  Wasson  is  on  the  Rosslvn  and  Cat  Creek 
Road  four  miles  south  of  Rosslyn,  Powell  County,  Ky. 

The  vicinity  is  one  of  rugged  topography  and  the 
highest  ridges  are  cai)ped  with  Conglomerate  Sand- 
stone, the  basal  formation  of  the  Coal  Measures. 

Around  a  valley  on  the  flanks  of  two  ridges  on  the 
named  farm,  there  are  exposures  of  a  fire-clay  deposit 
at  the  base  of  this  Conglomerate  Sandstone.  The  ex- 
act thickness  was  not  determined,  onlv  three  feet  of  the 
clej)Osit  being  uncovered  at  any  one  place,  but  supposed 
authorities  claimed  that  a  prospect  pit  was  once  dug 
through  it  showing  it  to  be  about  seven  feet  thick.  The 
prosi)ect  pit  was  dug  for  iron  ore.  A  light,  bluish  plas- 
tic clay,  often  used  as  a  substitute  for  whitewash,  is 
common  below  the  fire  clay  in  thin  layers.  It  is  eroded 
and  redeposited  particles  of  the  fire  clay. 

Following  is  a  section  of  the  exposure: 

1.  Soil  2    ft. 

2.  Fire   clay   ., 3    tt. 

3.  Covered.  (*) 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  bluish-gray — very  dark;  burned  nearly 
white  with  yellow  tint.  Taste,  lean,  and  verj^  hard.  Tex- 
ture, hard,  fine-grained,  slaty.    When  ground  to  30-mesh 
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and  mixed  with  16.0  per  cent  of  water,  it  made  an  ex- 
ceedingly lean  paste,  almost  wholly  wanting  in  plasticity, 
and  having  a  tensile  strength  too  low  to  test.  The  paste 
shrank  almost  none  in  drying  and  only  7.0  per  cent  in 
burning  to  cone  11  (2462"  F.).  It  burned  to  a  crumbly, 
sandv  bodv.    This  is  a  good  grade  of  fire  sand. 

Clay  No.  54.  The  Kdmund  Rose  Place.  The  land 
under  consideration  is  on  the  Clav  Citv  and  Stanton 
Koad  one  mile  east  of  Clay  City,  Powell  County,  Ky. 

The  clay  deposit  here  rests  on  Ohio  Black  Shale  at 
the  very  top.  The  clay  is  of  a  shaly  character,  bluish  in 
color  and  contains  a  layer  of  iron  oxide  near  the  center. 
The  entire  deposit  is  about  fourteen  feet  thick.  At  other 
points  around  the  same  elevations  over  a  considerable 
area,  this  clay  is  exposed.  The  iron  layer  is  veiy  per- 
sistent.  The  following  is  a  section  of  average  exposure: 

1.  Shaly  plastic  clay  5%  ft. 

2.  Layer  of  iron  oxide  4      in. 

3.  Shaly,  plastic  clay  8      ft. 

4.  Ohio  black  shale  95      ft.(*) 

A  sample  of  this  clay  gave  the  following  character- 
istics :  Color,  gray  and  brown ;  when  mixed,  tlie  color  was 
l)rownish-gray ;  it  burned  to  a  dark  reddish-brown. 
Taste,  fat,  and  free  from  grit.  Texture,  soft,  fine- 
grained, shaly.  When  ground  to  30-mesh  and  mixed 
with  25.0  of  water,  it  made  a  very  plastic  paste,  tliat  stood 
rai)id  drying,  and  that  shrank  3.0  per  cent  in  drjdng,  and 
a  like  amount  when  vitrified,  giving  a  total  shrinkage  of 
6.0  per  cent.  The  air-dried  mud  showed  a  tensile 
strengtli  of  73  pounds  to  the  square  inch,  as  the  average 
of  five  tests,  with  a  maximum  strengtli  of  82.5  pounds. 
The  clav  burned  to  a  hard,  compact  bodv,  fuUv  vitrified 
atcono*7  (2318^  F.). 

This  clay  would  make  a  fair  grade  of  paving  brick, 
but  the  mud  has  a  rather  low  tensile  strength. 

Clay  Xo.  43.  Plastic  tile  clay  from  L.  &  E.  R.  R.  cut, 
fiftv  yards  west  of  station  at  Stanton,  Powell  County, 
Ky.    Hamilton  clav. 

A  sample  of  this  clay  gave  the  following  character- 
istics:   Color,  i)ale    greenish-yellow  with  bright   yellow^ 
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streaks;  when  mixed,  the  color  was  greenish-yellow;  it 
burned  to  a  dark  ])rown  with  a  reddish  tint.  Taste,  lean, 
and  ([iiite  <i:ritty.  Texture,  soft,  porous,  coarse  and  fine- 
grained. When  ground  to  3()-niesh  and  mixed  with  25.0  per 
cent  of  water,  it  made  a  mildly  plastic  paste  that  stood 
rapid  drying,  and  that  shrank  4.0  per  cent  in  drying  and 
6.0  per  cent  additional  when  vitrified,  giving  a  total 
shrinkage  of  10.0  ])er  cent.  Complete  vitrification  occurred 
at  cone  7  (2'U8~'  F.),  the  clay  burning  to  a  hard,  comj^act 
body  without  warping  when  in  thin  slabs. 

The  air-dried  mud  showed  a  tensile  strength  of  102 
pounds  to  the  S(|uare  inch,  with  a  maximum  strength  of 
106.4  pounds.  This  clay  will  make  dark  red-burning, 
pressed  brick,  or  tile. 

Clay  No.  41.  Filson  Station.  A  dark,  j^lastic  clay 
occurs  in  the  L.  &  K,  R.  R.  cut,  one  mile  east  of  Filson, 
Powell  County,  Ky.  It  is  in  the  farm  of  Mr.  Jesse 
Faulkner. 

About  seven  feet  of  the  deposit  is  exposed  by  a  cut 
along  the  railroad.  It  is  a  dark,  y)lastic  clay  of  fluviatile 
origin  and  rests  on  the  Waver Iv  shale.  The  clav  is  free 
from  gritty  particles  and  is  (juite  strong  and  fat.  Fol- 
lowing is  a  section  of  the  exposure^ : 

1.     Soil  1%  ft. 

2.  Dark,  plastic  clay  7       ft. 

3.  Waverly  shale  Bottom  of  cut 

Following  is  the  analysis  of  this  clay  made  for  the 
survey  by  the  Kentucky  Exi)eriment  Station: 

Sample,  a  light  brown  clay  with  a  good  many  iron 
stains.    Waverly  formation  (Linietta  (?)  Clay). 

Per  cent. 

Moisture   3.46 

Combined  water  and  volatile  matter  6.36 

Silica   64.54 

Alumina  19.13 

Ferric  oxide 0.94 

Lime  0.53 

Magnesia  0.66 

Potash   2.32 

Soda  0.51 

Titanium   dioxide   0.95 

Sulphur  trioxide  tr. 

Total  ~99;40(*) 
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A  sami)lo  of  this  clay  gave  the  following  character- 
istics: Color,  greenisli-gray,  containing  yellow  spots; 
mixed,  the  color  was  greenish-gray;  burned  to  a  gray- 
ish brown.  Taste,  fat  and  gritty.  Texture,  soft,  fine- 
grained, compact  and  massive.  When  disintegrated  by 
prolonged  shaking  in  water,  some  clear,  sharp  quartz  re- 
mained on  the  100-mesh  sieve. 

When  ground  to  LH)-mesli  and  mixed  with  27.0  per 
cent  of  water,  it  made  a  plastic  paste,  that  stood  rapid 
drying,  and  that  shrank  7.0  per  cent  in  drying,  and  8.0 
per  cent  more  when  vitrified,  giving  a  total  shrinkage  of 
15.0  i)er  cent.  The  air-dried  mud  showed  a  tensile 
strengtli  of  171  pounds  to  the  sc|uare  inch,  as  tlie  average 
of  five  tests,  with  a  maximum  strength  of  220.4  i)Ounds. 
Incipient  vitrification  occurred  at  cone  4  (2210^  F.), 
complete  at  cone  7  (2318°  F.).  The  clay  burned  to  a  hard, 
compact  body  suited  to  the  manufacture  of  stoneware, 
etc. 

Taylor  County. 

Clay  No.  93.  (Chemist's  No.  3129).  Clay  one  and 
a  half  miles  southeast  of  Uibernia,  Tavlor  Countv,  Kv. 
Residual,  St.  Tjouis.  The  J.  T.  Purvis  Place,  on  the 
south  side  of  Campbellsville  Road. 

Av(»rage  sample  of  a  mixture  of  red,  yellow  and  white 
clav.   Plastic  and  fusible. 

Analysis  of  Air-Dried  Sample.  p 

Moisture  at   100°   C 2.00 

Combined  water  6.56 

Silica  59.54 

Alumina    18.16 

Ferric  oxide  6.40 

Ferrous   oxide   0.58 

Calcium  oxide  tr. 

Magnesium  oxide  1.68 

Sulphur  trioxide  none 

Phosphates    none 

Potassium  oxide 3.40 

Sodium  oxide  0.55 

Titanium  dioxide  0.80 

Total  99.67 

Ratio  of  Iron  and  Alumina  to  Silica , 2.36 
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A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  pinkish-red;  burned  dark  red  and  shaded 
off  inta  (lark  brown.  Taste,  fat  and  smooth.  Texture, 
soft  and  fine  grained.  When  ground  to  20-mesh  and 
mixed  with  37.0  per  cent  of  water,  it  made  a  plastic 
paste,  that  shrank  5.0  per  cent  in  drying,  and  7.0  per  cent 
additional  when  vitrified,  giving  a  total  shrinkage  of 
12.0  per  cent.  Tlie  air-dried  mud  showed  a  tensile 
strength  of  71.5  pounds  to  the  square  inch.  Complete 
vitrification  occurred  below  cone  1  (2102''  F.),  and  par- 
tial viscosity  at  cone  6  (2282°  F.).  This  is  a  common 
brick  clav,  or  drain-tile  chiv. 

Union  County. 

Clay  No.  57.    Henshaw  Brick  &  Tile  Co.    This  com 
pany  is  located  at  Henshaw,  Union  County,  Ky.    They 
us(»  a  (lark  siliceous  soil,  which  burns  to  a  bad  brick  be- 
caus(»  of  calcium  carbonate. 

A  sample  of  this  clay  gave  the  following  character- 
istics: Color,  dark,  greenish-gray;  burned  to  a  reddish- 
yellow,  and  shaded  on  into  dark  red  at  higher  tempera- 
tures. Taste,  mildly  fat,  and  very  little  grit.  Texture, 
soft,  fine  and  coarse-grained,  soil,  full  of  roots  and  fibers. 
When  ground  to  30-mesh  and  mixed  with  85.0  per  cent 
of  water,  it  made  a  mildly  plastic  paste,  that  shrank  6.0 
per  cent  in  drying,  and  11.0  per  cent  more  when  vitrified, 
giving  a  total  shrinkage  of  17.0  per  cent.  The  air-dried 
mud  showed  a  tensile  strength  of  79.8  pounds  to  the 
s(juare  inch,  as  the  average  of  five  tests,  with  a  maxi- 
mum strength  of  85  i)ounds. 

The  clay  was  fully  vitrified  at  cone  6  (2282^^^  F.).  It 
burned  to  a  rather  porous  body.  This  is  a  low-grade 
clay,  suited  onlv  to  the  manufacture  of  common  brick 
and  drain  tile. 

Wolfe  County. 

Clay  No.  58.  J.  B.  Kash  and  J.  W.  Stamper  ex- 
posur(»s.  Mr.  Kash's  farm  is  on  the  Hazel  Green  and 
Mt.  Sterling  Road,  one  mile  west  of  Hazel  Green,  Wolfe 
Countv. 

Mr.  Stam])er's  farm  joins  Mr.  Kash  on  the  west. 
On  Mr.  Stamper's  land,  small,  angular  particles  of  flint 
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fire-clay  can  easily  be  traced  around  the  high  points. 
These  hills  are  capped  with  shales  of  the  Coal  Measures, 
and  it  is  near  the  summit  that  the  fire-clay  appears. 
This  deposit  was  traced  on  to  Mr.  Kash's  land,  where  it 
is  at  a  much  lower  elevation  because  of  an  anticlinal  dip. 

No  accurate  section  can  be  given  of  this  deposit 
until  a  prospect  pit  has  been  dug  into  it.  Because  of  the 
scouting  nature  of  the  fiehl  work,  this  was  not  done  by 
the  survey.  The  outcroppings  indicate  a  deposit  of 
workable  thickness.(*) 

A  sami)le  of  this  clay  gave  the  following  character- 
istics: Color,  slate-like  dark  bluish-gray;  burned  pure 
white.  Taste,  exceedingly  hard  and  lean.  Texture, 
flinty,  hard.  When  ground  to  30-mesh  and  mixed  with 
15.0  per  cent  of  water,  it  made  a  paste  almost  wholly 
wanting  in  plasticity,  that  shrank  practically  none  in 
drying,  and  6.0  per  cent  in  burning  to  cone  7  (2318^  F.). 
The  air-dried  mud  showed  a  tensile  strength  of  only  15 
pounds  to  the  square  inch.  It  burned  to  a  crumbly,  gran- 
nular  body  at  cone  11  (2462*^  F.),  at  which  point  no  indi- 
cation of  vitrification  could  be  detected. 

This  is  a  high-grade  flint  fire-clay. 

Clay  No.  52.  The  S.  W.  Perkins  place.  This  land 
is  south  of  the  Hazel  Green  and  Mt.  Sterling  Road,  one 
and  a  half  miles  west  of  Hazel  Green,  AVolfe  County, 
Ky.  Here  therc^  is  a  long,  level  bottom  east  and  adja- 
cent to  Red  River.  Below  this  low,  marshy  bottom  land 
there  is  a  bluish  plastic  clay  which  becomes  much  whiter 
when  dried  and  is  probably  a  valuable  clay  for  brick, 
tile,  sewers,  etc.  The  clay  is  fluviatile,  having  been  de- 
y)osited  by  Red  River.  It  is  about  six  feet  thick,  and 
shows  over  an  area  of  about  thirtv  acres.  Verv  thin, 
damp  soil  covers  the  clay,  as  shown  by  the  following 
section : 

1.  Soil    %  ft. 

2.  Plastic  clay  6       ft. 

3.  Shale. 

This  clay,  mixed  with  a  proper  percentage  of  cal- 
cium carbonate,  might  make  an  excellent  cement,  (f) 
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A  sample  of  this  clay  from  the  H.  II.  Stidam  and 
S.  AV.  Perkins  i)laees  gave  the  following  characteristics : 
Color,  yellowisli-green,  both  wet  and  dry;  burned,  the 
cok)r  was  red  up  to  cone  6  (2282°  F.),  but  became  brown 
at  higher  temperatures.  Taste,  lean  and  gritty.  Tex- 
ture, soft  and  crumbly,  coarse-grained.  When  ground  to 
30-mesh  and  mixed  with  18.0  per  cent  water,  it  made  a 
rather  lean  paste,  that  recpiired  slow  drying,  and  that 
shiank  5.0  per  cent  in  drying  and  an  additional  3,0  per 
cent  when  vitrified,  giving  a  total  shrinkage  of  8.0  per 
cent.  The  air-dried  mud  showed  a  tensile  strength  of 
52.5  pounds  to  the  square  inch,  as  the  average  of  three 
tests,  with  a  n>aximum  strength  of  58  pounds. 

The  clav  burned  to  a  ix)rous  bodv  not  more  than 
slightly  vitrified  at  cone  9  (2390°  F.) ;  there  was  no  warp- 
ing when  thin  jneces  were  burned. 

This  is  a  fair  grade  of  red-burning,  semi-refractory 
clav. 

*  Clay  Xo.  50.     The  J.  Taylor  Day  place.     The  land 

owned  by  Mr.  J.  Tavlor  Dav  is  one-fourth  mile  west  of 

•  ••  «• 

Torrent,  Wolfe,  (^ounty,  Ky.  Geological  position,  Pen- 
nington. 

A  sami)le  of  this  clay  gave  the  following  character- 
istics: Color,  yellow  and  gray;  when  ground  and  mixed 
the  color  was  gray  with  a  slight  yellowish  tint;  burned 
to  a  yellowish-red  up  to  cone  6  (2282""  F.),  changing  to  a 
reddish-gray,  then  to  a  gray,  with  increased  tempera- 
ture. Taste,  lean  and  gritty.  Texture,  shaly,  hard, 
coarse-grained.  When  ground  to  30-mesh  and  mixed 
with  20.0  per  cent  of  water,  it  made  a  lean  paste,  lack- 
ing in  plasticity,  that  stood  rapid  drying,  and  that  shrank 
7.0  in  drying  and  none  in  burning,  giving  a  total  shrink- 
age of  7.0  i)er  cent.  The  air-dried  mud  showed  a  tensile 
strength  of  24.7  pounds  to  the  square  inch,  as  the  aver- 
age of  eight  tests,  with  a  maximum  strength  of  32.3 
pounds.  Incipient  vitrification  occurred  at  cone  7 
(2318^  F.).  This  is  a  refractory  fire-clay  of  fair  quality. 

Ci^Y  No.  21.  The  N.  Fulks  place.  Land  belonging 
to  Mr.  Fulks  lies  east  and  adjacent  to  the  village  of 
Glencairn,  Wolfe  County. 

On  the  side  of  a  hill  above  the  first  east  cut  in  the 
Waverly  Shale  for  the  L.  &  Vi.  R.  R.,  there  is  an  exposure 
of  drab,  plastic  clay.     This  clay  deposit  is  not  in  work- 
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ablo    (juantity,  boing  a    product    of    re(lei)osition    from 

argillaceous  shales  and    refractory  clay    above.     Above 

this  plastic  clay  about  thirty  feet  there  is  a  stratum  of 

fire-clav  about  one  and  a  half  feet  thick.    This  is  at  the 

lunction  of  the  Wav(»rlv  and  St.  Louis  limestone. 
«i  • 

The  following  section  includes   both  clays,  neither 

of  which  is  of  more  than  geological  interest  probably: 

1.  St.   Louis   limestone  40  ft. 

2.  Refractory  clay  1%  ft. 

3.  Covered  20  ft. 

4.  Drab,  plastic  clay 2  ft. 

5.  Waverly  shale,  to  bottom  of  cut  23  ft.(*) 

A  sample  of  this  argillaceous  shale  gave  the  follow- 
ing characteristics:  Color,  green,  both  wet  and  dry; 
burned  to  cone  1  (2102'  F.),  the  color  was  dark  red,  l>e- 
coming  dark  brown  at  higher  temperatures.  Taste, 
lean  and  gritty.  Texture,  shaly,  soft,  and  fine-grained. 
AVhen  disintegrated  by  prolonged  shaking  in  water  prac- 
tically no  detritus  was  caught  on  the  lOO-mesh  sieve. 

When  ground  to  20-nu>sh  and  mixed  with  24.0  per 
cent  of  water,  it  made  a  lean  paste,  tliat  stood  moder- 
ately rapid  drying,  and  that  shrank  5.0  i)er  cent  in  dry- 
ing and  4.0  per  cent  more  in  burning,  giving  a  total 
shrinkage  of  9.0  p(»r  cent.  The  air-dried  mud  showed  a 
tensile  strength  of  47.4  j^ounds  to  the  scjuare  inch,  as 
the  average  of  six  tests,  with  a  maximum  strength  of 
52.(5  pounds.  Incipient  vitrification  occurred  at  cone  1 
(2102^^  K.),  complete  at  cone  5  (2246^  F.).  This  is  a  low- 
grade  clay,  that  may  do  for  common  brick. 

C^LAvXo.  9f).  (Chemist's  No.  :^125).  The  O.  W.  Mc- 
Xal)b  plac(^  This  placi*  is  on  the  Hazel  Green  and  Mt. 
Sterling  Road,  about  one  mile  northwest  of  Hazel  Green, 
Wolfe  County,  Ky.  Iler(»  is  a  light,  plastic  clay  occur- 
ring in  the  coal  measures. 

Average  sample  of  white  clay  containing  small 
splotches  of  iron.  Plastic  and  non-fusible  in  blow-pipe 
flame. 

*Ky.  Geol.   Surv.,    BuU.   No.  6,    p.  76. 
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Analysis  of  Air-Dried  Sample. 

Per  cent. 

Moisture  at  100°  C 0.70 

Combined  water  3.46 

Silica  76.90 

Alumina  13.03 

Ferric  oxide  1.36 

Ferrous  oxide  0.42 

Calcium    oxide none 

Magnesium    oxide    0.72 

Sulphur  trioxide  none 

Phosphates  none 

Potassium  oxide  2.30 

Sodium    oxide    0.47 

Titanium   dioxide  0.87 

Carbonates    none 

Total  100.23 

Ratio  of  Iron  and  Alumina  to  Silica 4.80 

A  sanii)le  of  this  clay  gave  tlie  following  character- 
istics: Color,  greenish-white;  burned  to  a  pink,  chang- 
ing to  a  green  at  cone  9  (2890^  F.).  Taste,  fat,  sour, 
and  some  grit.  When  ground  to  20-mesh  and  mixed  with 
24.0  i)er  cent  of  water,  it  made  a  fairly  plastic  paste, 
that  shrank  5.0  i)er  cent  in  drying,  and  an  equal  amount 
in  burning,  giving  a  total  shrinkage  of  10.0  per  cent. 
The  air-dried  mud  showed  a  tensile  strength  of  29.5 
pounds  to  the  squan*  inch.  Incipient  vitrification  oc- 
curred at  cone  4  (2210  F.),  complete  at  cone  8  (2354 
F.). 

This  clay  will  make  a  satisfactory  pressed  brick. 


o 
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REPORT  ON  THE  COALS  OF  THE  HEADWATERS 
OF  UCKING  RIVER,  MAGOFFIN  COUNTY. 

BY 

James  M.  IIodcje. 


This  report  *»:ivos  the  results  of  a  recent  investif^a- 
tioii  of  the  coal  field  drained  by  Lickin]^:  river  from  the 
month  of  Oaklev  creek,  abont  five  miles  sonth  of  Salvers- 
ville,  the  county  seat  of  Magoffin  County,  to  tlie  head  of 
the  river.  This  arr^a  is  about  twelve  miles  long  and  nine 
in  width  at  its  northern  end  narrowing  to  four  miles  at 
its  southern  end. 

The  accompanying  map  shows  the  position  of  the 
princii)al  coal  openings,  and  the  longitudinal  section 
shows  the  vertical  order  of  the  coal  beds  with  relation  to 
the  main  drainage.  This  section  shows  the  coal  beds 
very  nearly  in  their  actual  position  where  they  are  above 
drainage  on  the  Licking  river,  and  their  probable  posi- 
tion bek)w  drainage.  Their  extension  of  all  beds  shown 
on  to  Beaver  cre(»k  waters  will  doubtless  require  much 
modificatioT]  as  data,  now  lacking,  is  supplied. 

Like  most  of  Eastern  Kentuckv,  the  vallevs  are  all 
narrow,  generally  proportioned  to  the  size  of  the  streams, 
the  hills  steep  and  terminating  in  narrow  ridges.  These 
serrated  ridges  are  some  three  hundred  feet  high  along 
the  river,  but  increase  towards  the  heads  of  streams, 
more  esi)ecially  southward,  where  they  reach  a  height 
of  about  1,700  fe(^t  above  tide,  and  six  hundred  feet 
above  the  river  near  its  main  head. 

The  height  of  the  F])per  Licking  valley  varies  little 
from  that  of  t\w  corresponding  part  of  the  Kentucky 
river,  but,  farther  down  stream,  owing  to  greater  volume 
of  water  to  effect  erosion,  and  possibly  also  to  less  re- 
sistance of  the  conglomerat(*  mc^asures  forming  the  north- 
east <Klge  of  the  geologic  basin,  the  Kentucky  river  is 
several  hundred  feet  lower  than  the  Licking. 

For  the  same  reasons  the  same  is  true  as  regards  the 
h(Mght  of  Big  Sandy  river  (and  principal  branches)  rela- 
tive to  the  Ticking,  but  the  difference  is  more  marked 
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there,  as  the  head  of  the  latter  abuts  directly  against  the 
former.  These  differences  in  altitude  make  railroad 
passa<?e  from  the  Licking  river  to  the  Kentucky  river 
troublesome,  and  to  the  Big  Sandy  river  almost  imprac- 
ticabhs  even  though  remarkably  low  gaps  assist,  as  on 

Brushv  creek,  and  at  the  head  of  Grassv  creek  where  thev 

•  ••  •■ 

are  only  175  feet  higher  than  their  mouths. 

The  fall  of  the  Licking  from  a  mile  below  its  ex- 
treme head  to  Oakley  creek  is  very  light,  being,  in  a 
distance  along  the  river  of  over  twenty  miles,  but  about 
200  feet,  an  average  of  less  than  ten  feet  per  mile. 
Branches  of  the  river  also  have  but  little  fall. 

The  difference  in  altitude  of  the  highest  point  of  the 
region  under  review,  say  1,700  feet  above  sea,  and  of  the 
lowest,  the  mouth  of  Oakley  creek,  860  feet  above  sea,  is 
about  840  feet,  but  owing  to  rise  of  strata  toward  sur- 
rounding ridges  th(»  vertical  range  of  the  strata  is 
limited  to  a  thickness  of  some  500  feet. 

In  the  following  description  of  these  strata  the 
nonienclatur(^  of  the  several  principal  coal  beds  followed 
is  that  adopted  in  Bulletin  No.  11  of  the  Kentucky 
Geological  Survey.  The  Hyden,  or  Fire  clay  coal  bed, 
with  its  unique  parting  gives  means  for  positive  correla- 
tion of  that  bed  here  and  in  adjoining  fields,  and  also 
serves  as  a  reliable  guide  in  correlating  other  beds. 

The  three  most  prominenet  coal  beds  of  the  region 
and  intervals  between  them  are  as  follows : 

Flag  coal 

Interval  80  to  90  feet 

Hazard  coal 

Interval  60  to  90  feet 

Haddix  coal 

Interval  30  to  60  feet 

Fire  clay  coal 

Interval  50  to  80  feet 

No.  3  coal. 

The  correlation  of  all  but  the  No.  3  coal,  the  lowest 
of  these  beds,  with  the  same  on  Kentucky  river  is  given 
with  confidence,  though  the  intervals  are  mucli  reduced 
below  those  obtained  on  that  river. 

The  lowest  coal  is  supposed  to  be  No.  3,  because  of  its 
similaritv  to  the  bed  in  the  counties  to  the  northeast. 
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The  adjacent  strata  tend  also  to  confirm  this  view;  but, 
if  such  is  tlie  case,  there  is  an  unexpectedly  large  de- 
crease of  interval  from  the  Fire  clav  coal  of  the  Ken- 
tucky  river  to  tlie  Tjickini^,  and  but  little  thence  north- 
east. The  assumption  that  it  is  No.  3  in  the  following 
pages  must  therefore  be  regarded  as  tentative.  A  still 
lowcM*  coal  showing  at  the  moutli  of  Oakley  creek  near 
the  bed  of  the  river  and  about  120  feet  below  the  Fire 
clay  coal  may  possibly  be  the  No.  3,  but  as  it  goes  under 
drainage  up  the  river  its  bed  section  cannot  be  given. 

The  500  feet  of  strata  above  drainage  range  from 
125  feet  below  the  Fire  clay  coal  at  the  mouth  of  Oakley 
creek  to  about  175  feet  above  the  Hazard  coal  at  the 
head  of  the  river. 

Their  general  dip  along  the  river  is  up  stream  from 
the  mouth  of  Oaklev  to  the  vicinitv  of  Bullmire  creek  at 
a  rate  of  some  fifteen  feet  per  mile,  while  going  up  the 
river  from  the  mouth  of  Gun  creek  to  the  mouth  of  Bull- 
mire (more  nearly  in  tlu*  direction  of  the  dip),  the  fall 
is  about  30  feet  per  mile.  The  dip  reverses  there,  and 
rises  at  a  slightly  faster  rate  to  Bull  creek;  from  the 
mouth  of  Bull  creek  up  to  the  mouth  of  Grassy  creek 
they  rise  about  with  the  river,  but  rise  somewhat  faster 
from  there  to  the  head  of  the  river.  Up  Grassy  creek 
the  strata  rise  rapidly. 

Along  the  main  river  above  the  moutli  of  Grassy 
crf^ek  the  rate  of  rise  is  considerably  less  than  up  Grassy, 
but  it  is  known  to  contiime  to  within  a  half  mile  of  the 
head  of  the  river,  and  from  this  it  is  inferred  that  the 
rise  continues  beyond  the  gap  at  the  head  of  Grassy 
creek.  Data  are  lacking  for  any  attempt  at  accurate 
connection  with  the  coals  of  Beaver  creek,  but  the  sec- 
tion is  continued  to  show,  in  a  general  way,  what  this 
connection  mav  be. 

T])  l)ranch  streams  on  the  oji^t  side  of  the  Licking 
river  there  is  a  ris(^  of  strata  nearly  conforming  to  the 
ascent  of  t\w  valleys,  until  their  heads  are  closely  ap- 
proached, and  this  presumably  contimies  to  and  beyond 
the  dividing  ridge. 

On  tributaries  from  the  west  up  to  Bullmire  creek 
the  strata  lie  so  nearly  level  that  their  dip  has  not  been 
determined.  Above  Bullmire  there  is  a  slight  rise  up 
the  streams. 
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Notliing  is  known  in  this  field  of  any  coals  higher 
than  the  Flag,  exeej)t  that  their  areas  must  be  too  small 
for  working.  Nor  does  the  Flag  bed  give  promise  of 
value,  its  two  known  openings  giving  only  about  three 
feet  of  coal,  in  one  case,  at  least,  ruined  by  partings.  Its 
bench,  however,  is  a  conspicuous  feature  of  the  hillsides 
in  numerous  places. 

Th(»  chief  bench  throughout  all  except  the  extreme 
lower  (*nd  of  the  region  is  that  of  the  Hazard  coal.  By 
it  tlu*  location  of  the  bed,  within  narrow  limits,  can  often 
be  defined  witli  a  toh^rable  degree  of  certainty  when 
other  means  are  lacking.  This  coal,  too,  is  by  far  the 
most  important  of  the  region,  though  it  has  been  de- 
velop(»d  as  a  thick  coal  mainly  near  the  head  of  the  river, 
with  an  an»a  of  scnne  25  square  miles  only,  and  within 
this  area  i)robably  from  one-half  to  two-thirds  of  the 
ar(»a  underlaid  bv  the  coal  has  been  eroded.  On  the 
other  hand  loss  bv  erosion  mav  be  largelv  offset  bv  avail- 
able  coal  beyond  the  limit  of  the  Licking  watershed, 
thick  coal  having  been  n^ported  across  the  divide  on 
Quicksand  creek,  and  (more  definitely)  eastward  on 
Mi(Ulle  cre(»k. 

Within  this  limited  area  the  Hazard  seam  has  a  thick- 
ness of  coal,  as  now  developed,  of  from  five  to  eight  and 
one-half  feet,  an  inch  or  two  short  of  five  feet  being  most 
connnon ;  where  of  this  or  less  thickness  i)artings  are  ab- 
sent or  nearlv  so.  IFsuallv  a  rider  of  coal  a  foot  thick, 
more  or  less,  lies  in  clav  shale  about  five  feet  above  the 
main  bed.  This  shale  makes  a  bad  roof  for  the  coal,  but 
occasionallv  a  hard  stratum  near  the  coal  affords  better 
mining  conditions. 

Elsewhen*  in  this  field,  except  on  Oakley  and  Bull- 
mire  crec^ks,  this  coal  has  been  found  rather  thin  and 
hurt  by  i)artings,  though  some  partial  exposures  are 
ratlu^r  ])romising.  • 

The  coal  of  this  bed  consists  of  common  block  and 
splint  in  varying  proportions,  the  latter  generally  od- 
cupying  most  of  tlu^  lower  half  of  the  bed.  Both,  as  a 
rule,  api)ear  to  b(»  good,  though  the  splint  is  of  a  some- 
^v\u\t  dull  ai)pearanc(».  Thin  seams  of  an  inch  or  two  look 
much  like  bom*  coal,  but  several  tests  in  fires  proved  them 
not  (piite  such,  though  evidently  high  in  ash.    Wherever 
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seen  in  stock  or  burning  in  grates  no  fault  could  be  found 
with  the  coal  of  the  whole  bed. 

Analyses  of  samples  recently  obtained  are  not  at 
hand,  but  one  of  a  sample  by  Prof.  Crandall,  high  in  ash 
as  compared  with  coals  farther  south,  is  given  on  a  suc- 
ceeding page. 

The  lladdix  coal  is  opened  near  the  mouth  of  Salt 
Ijick  creek,  28  inches  tliick  without  parting,  containing 
cannel  coal,  and  at  tlie  head  of  that  creek  (with  doubt- 
ful correlation)  34  inches  coal  with  cannel  slate  roof. 
Elsewhere  it  has  onlv  been  found  as  a  thin  bed,  but  its 
known  openings  are  very  few. 

The  Fire  clay  coal  bed  has  been  mined  for  local  use  to 
a  considerable  extent  in  tlie  hill  opposite  the  mouth  of 
Oakley  creek,  and  on  that  stream  and  the  river  above 
it  up  to  the  mouth  of  Gun  creek,  frequent  openings  into 
th(»  bod  have  been  made.  With  few  exceptions  they 
give  less  than  three  feet  of  coal,  and  with  the  flint  fire 
clay  parting  everywhere  i)resent.  Mr.  Patrick's  open- 
ing on  Gun  creek  with  over  four  feet  of  coal  and  18 
inches  of  parting  appears  to  be  of  this  bed. 

Up  the  river  from  Gun  creek  the  bed  becomes  thin- 
ner. At  Swampton  it  shows  10  inches  of  coal,  with  part- 
ing 1  inch.  Beyond  there  it  lies  near  river  level  to  the 
mouth  of  Grassy  creek,  rising  thence  well  above  drain- 
age, but  without  yet  developing  workable  coal.  An  open- 
ing showing  40  inchos  of  coal  with  4  inches  parting 
across  the  Beaver  divide,  near  the  head  of  Salt  Lick 
creek,  should  lead  to  its  development  on  the  extreme  head 
of  the  river. 

The  No.  3  coal,  which  on  the  Kentucky  river  is  some 
200  feet  below  the  Fire  clay  coal,  and  in  the  northeastern 
counties  is  given  at  about  40  feet,  appears  to  be  on  Gun 
creek  SO  feet  and  possibly  on  Grassy  creek  60  to  80  feet 
below  that  bed. 

Its  outcrop  is  limited  in  the  lower  part  of  this  region 
to  Oakley  creek  below  Open  Fork,  the  river  valley  up  to 
Puncheon  Camp  creek,  and  the  streams  east  of  the  river 
up  to  that  creek,  and  in  the  upper  part  of  the  region,  per- 
haps to  the  heads  of  Salt  Lick  and  Grassy  creeks  and 
of  the  main  river.  The  numerous  openings  made  into 
the  bed  on  Gun  and  Puncheon  Camp  creeks  nowhere 
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show  so  inncli  as  3  feet  of  coal,  and  all  have  a  parting, 
but  it  is  not  unlikely  that  a  4-foot  bed  found  on  Grassy 
creek  is  of  this  bed,  and  that  it  continues  at  about  creek 
level  a  mile  or  more  up  that  valley,  as  well  as  along  the 
river  above  Grassy  creek.  This  desen^es  thorough  inves- 
tigation, for  if  ])resent  of  minable  thickness  it  will  add  im- 
mensely to  the  im])ortance  of  the  whole  region  there- 
about. Its  h)cation  on  the  longitudinal  section,  50  feet 
below  drainage,  is  only  tentative. 

No.  2  coal  is  nowhere  very  attractive,  but  No.  1  coal, 
200  feet  below  the  No.  3  on  Kentnckv  river  and  little  less 
below  it  to  the  northeast,  should  be  found  to  lie  150  to 
200  feet  under  the  river  between  Oakley  and  Gun  creeks. 
The  excellent  showing  3  to  5  feet  of  coal  in  a  seam  at  ap- 
proximately the  same  horizon  on  Beaver  creek,  and  else- 
where, should  lead  to  its  investigation  by  the  drill  on 
those  creeks. 

All  of  the  above  coals,  so  far  as  known,  give  satis- 
factory service  for  domestic  use,  are  doubtless  good 
steam  coals,  dry  burning  and  non-coking.  Evidence  of 
sulphur  is  extremelv  rare,  and  ash,  except  in  a  few  cases, 
seems  to  be  not  high. 

Carbonate  iron  ore  such  as  was  formerlv  worked 
quite  extensively  in  the  northeastern  counties,  was  found 
at  several  places,  noted  in  the  detailed  description  follow- 
ing. It  appeared  to  ho  too  thin  for  working,  but  further 
investigation  of  it  is  desirable. 

In  the  following  detailed  description  of  openings 
visited  eh^vations  are  given  as  above  tide  water,  based 
on  those  obtained  from  a  railroad  survey  giving  lieights 
at  the  forks  of  Oakley  and  mouth  of  Gun  creek,  another 
survey,  assumed  to  agree  with  the  above,  giving  height  of 
the  river  a  half  mil(»  below  Grassy  creek  and  a  U.  S. 
Geological  Survey  elevation  on  the  river  near  its  head. 
Other  river  (Oevations  were  obtained  by  interpolation, 
and  from  all  these  data  heights  of  openings  were  de- 
duced by  barometric  readings,  and  are  given  as  above 
tide,  g(^nerally  sufficiently  accurate  for  present  purposes. 

Distances  are  given  a*s  estimated,  being  intended 
merely  to  serve  for  guidance. 

Beginning  with  the  lowest  tributary  each  stream  on 
which  coal  was  se(Mi  is  followed  up  in  ascending  order, 
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left  the  right  being  used  in  description  according  as  the 
object  is  on  the  left  or  riglit  when  facing  up  stream. 

Oakley  Creek. 
Elevation  at  Mouth,  860. 

AVilliam  Harris  lias  a  10-vard  entrv  on  tlie  left,  and 
left  of  the  road,  %  mile  up  the  creek  in  which  the  fire-clay 
coal  has  a  somewhat  variable  section  taken  as : 

Fire  Clay  Coal. 

S.  S 8  ft. 

Coal  11" 

Flint  fire  clay  5"  Elevation  955. 

Coal 22" 

Open  Fork  of  Oakley. 
Elevation  at  Mouth,  865. 

Calloway  Montgomery's  opening  on  the  left,  Vi  mile 
up,  gives  the  same  bed : 

Fire  Clay  Coal. 

S.  S 10  ft. 

Coal  11" 

Flint  fire  clay  3" 

Coal  11"  Elevation  935. 

Soft  shale 3" 

Coal  10" 

At  the  creek  level,  a  mile  up,  under  15  feet  of  sand- 
stone, at  a  natural  exposure  the  three  seams  of  the  pre- 
ceding vein  contain  but  26  inches  of  coal  and  the  lower 
y)arting  is  12  inches  thick.  The  flint  fire-clay  is  black,  and 
looks  almost  like  shellv  cannel  coal  when  freshlv  broken. 

Directly  under  the  bed  is  5  feet  of  shale,  containing 
calcareous  concretions,  and  8  inches  of  coal  is  under  that: 
Elevation,  890. 

Two  and  one-half  miles  up  the  main  creek,  14  i^^il^ 
up  a  left  branch,  Asbury  Salyers  has  a  good  showing  of 
the  fire-clay  coal,  but  the  lower  part  is  in  the  branch.  It 
has  a  sandstone  roof,  14  inches  of  coal  to  the  flint  fire- 
clay and  2  to  2\(»  feet  of  coal  below.     Elevation,  930. 

On  the  left,  3  miles  up  a  natural  exposure  shows  by 
the  road  only  14  inches  of  coal  with  3  inches  of  black 
flint  fire  clay  parting:  Elevation,  890. 


1 
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Bee  Tree  Fork  of  Oakley. — On  the  right,  3  miles  up. 
Elevation  of  mouth,  915. 

On  the  k»ft  at  the  mouth,  Isaac  Montgomery  has  an 
entry,  now  aban(h)ned,  of  which  Prof.  Crandall  gives,  in 
Bulletin  No.  10,  the  following  section: 

Hazard  Coal. 

Shale. 

Cannel  slate 4" 

Coal  35"  Elevation  1040. 

Shale 7" 

Coal 20" 

This  is  the  Hazard  bed,  on  a  good  bench,  plainly  visi- 
ble on  the  neighboring  hillside.  A  minor  bench  and 
spring  at  975  mark  the  location  of  another  coal  opened 
at  the  head  of  Oaklev.  Almost  under  the  entrv  the  fire- 
clay  bed  is  exposed  beside  the  road  up  Bee  Tree  with 
elevation  920.  This  gives  an  excellent  opjjortunity  for 
getting  the  interval  (120  feet)  between  that  bed  and  the 
Hazard. 

On  the  left  of  the  fork,  a  mile  up  and  100  feet  above 
it,  Wesl(»v  Rewe  has  an  entrv  into  the  Hazard  bed,  which 
is  about  four  feet  thick.   Elevation,  1,085. 

( )n  th(»  right,  1 1/4  miles  up,  Vs  ^^il^*  ^^>  '<^  right  branch 
an  (»ntry  gives  at  its  mouth  the  following  section : 

Hazard  Coal. 

S.  S 18" 

Coal  30" 

Shale 8"  Elevation  1070. 

Coal 9' 


in 


The  bottom  3"  of  this  coal  was  in  water  and  not  seen. 

On  the  left  at  the  forks  of  Bee  Tre(»  fork,  1  V->  miles 
up  and  two  f(»et  abov(»  it  an  entry,  now  fallen  in,  on  the 
same  bed,  the  Hazard  gives: 


Hazard  Coal. 

S.  S. 

Shale  5  ft. 

Coal  24"-f  Elevation  1055. 

Shale  12" 

Coal   (reported)   12"-|- 
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Probably  this  is  the  same  as  Prof.  Crandall  gives 
with  28  and  10  inches  coal  and  7i/^  inches  parting,  though 
he  gives  a  different  roof. 

The  heights  given  of  the  four  Hazard  openings  on 
this  fork  indicate  an  irregularity  of  the  barometer  rather 
than  of  dip  of  strata.  It  appears  likely  that  those  given 
for  the  mouth  and  head  are  nearest  correct,  making  a 
slight  rise  in  going  up  the  fork. 

Right  Fork. — Four  miles  up;  elevation  of  mouth, 
926.    (ByR.R.  Survey.) 

Ed.  Marshall  has  an  entry  on  a  left  branch  y^  mile 
up  and  Ys  mile  up  it,  120  feet  above  the  fork,  with  the 
following  section : 

Hazard  Coal. 
Shale 

Coal 40" 

Shale  9"  Elevation  1050. 

Coal 9" 

At  the  forks  a  mile  up,  behind  Joseph  Watson's 
house,  on  the  left,  y<^  mile  up  the  branch,  this  section  has 
been  uncovered : 

Hazard  Coal. 

Shaly  S.  S 2  ft. 

Coal 4" 

Shale 9" 

Coal  18" 

Shale  and  S.  S 15  ft. 

Coal 33" 

Black  clay  10"  Elevation  1090. 

Coal  6" 

On  the  right  of  the  same  branch  IV2  feet  of  coal  50 
feet  lower  has  a  parting  of  shale  (with  coal)  one  foot 
thick  and  5  feet  of  shale  covering. 

In  view  of  the  fact  that  the  Hazard  bed  improves  to 
good  thickness  near  the  forks  of  the  creek  it  is  especially 
regrettable  that  no  openings  could  be  learned  of  on  the 
Left  Fork.  If  the  bed  is  found  there  up  to  the  thickness 
of  the  Marshall  coal,  an  important  addition  to  the  work- 
able coal  of  the  creek  will  be  developed. 

geo.  29 
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On  the  river  opposite  tlie  mouth  of  Oakley  creek,  130 
feet  above  it,  Joseph  Arnett  has  an  entry  into  tlie  fire- 
clay bed  from  which  (and  connected  entries)  considera- 
ble coal  for  local  use  has  been  mined. 

Following  is  a  section  taken  at  the  mouth  of  the 
entry,  a  6-inch  ''draw  slate"  found  in  the  mine  not  ap- 
pearing at  the  surface: 

Fire  Clay  Coal. 

S.    S 10  ft. 

Coal  10" 

Flint  fire  clay  4" 

Coal  :...21"  Elevation  980. 

Clay  or  shale  18" 

Coal   (reported)  14" 

Judge  R.  Salvers  has  an  entry  on  the  left  14  mile 
above  the  Arnett  mine  in  which  the  thickness  above  the 
flint  clay  is  8  inches  and  below  the  flint  clay  25  inches. 

In  both  of  the  two  i)receding  the  foot  of  coal  next 
under  the  flint  clav  is  splint  v.  In  all  cases  the  coal  of  the 
whole  bed  appears  to  be  excellent. 

On  the  left,  a  mile  above  Oakley  creek,  Francis 
Gardiner  has  an  abandoned  entry  with  an  exposure 
showing  the  beginning  of  a  splitting  of  the  fire-clay  bed, 
which  becomes  more  i)ronounced  farther  up  the  river. 
This  section  is : 

s.    s 20  ft. 

I  Coal  4" 

Shale  3  ft. 

Coal  5" 

Shale  7  to  10"  Elevation  955. 

Flint  fire  clay 3" 

Visible  coal  12" 

The  bottom  coal  may  be  two  feet  or  more  thick. 

Gun  Creek. 

Elevation  of  Mouth  (by  R.  E.  Survey),  868. 

In  the  river  at  the  mouth  of  Gun  creek  a  coal  is 
mined  for  local  use.  40  feet  above  it  is  another  coal 
(probably  No.  3),  and  80  feet  above  that  the  fire-clay 
coal  at  an  elevation  of  980. 
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On  the  left,  V^  mile  up,  at  the  big  bend  in  the  road, 
are  two  abandoned  entries  into  what  is  regarded  as  the 
No.  3  coal.  In  conjunction  witji  openings  farther  up 
the  creek  the  dip  toward  the  river  is  ascertained,  and 
the  consequent  interval  up  to  the  fire-clay  coal.  The 
elevation  of  the  entries  is  905. 

At  %  mile  up  the  creek,  y^  mile  up  a  left  branch,  the 
same  bed  has,  in  a  3-yard  entry  with  sandstone  roof,  26 
inches  of  coal  with  4  inches  of  parting. 

At  Fred  Patrick's,  one  mile  up  and  %  mile  up  a  hol- 
low on  the  right,  125  feet  above  the  creek,  a  7-yard  entry 
gives  the  following  section,  the  bottom  8  inches,  being 
in  w^ater,  and  somewhat  uncertain: 

s.  s 5  ft. 

Shale  6" 

Coal  22"  Elevation  1020. 

Shale  18" 

Coal  29"-h 

This  appears  to  be  a  little  too  high  for  the  fire-clay 
bed,  and  may  be  the  ITaddix. 

Bill  May  Branch  of  Gun  Creek. — On  the  left,  l^A 
miles  up. 

Three  openings  into  the  No.  3  bed  on  the  first  half 
mile  of  this  branch  give  about  2^/U  feet  of  coal  each.  The 
bed  rises  from  elevation  940  at  the  mouth  of  the  branch 
to  960  a  half  mile  up  it. 

At  Marshall's,  at  the  forks,  2  miles  up,  a  10-yard 
entry  on  the  right,  40  feet  above  the  creek,  gives  the  fol- 
lowing section : 

No.  3  Coal. 

Shale  7  ft. 

Coal  6" 

Shale  2"  Elevation  985. 

Coal  24" 

Other  openings  reported  on  the  forks  above  Mrs. 
Marshall's,  with  coal  about  the  same  thickness,  w^ere  not 
visited. 

Andrew  Howard  Branch. 

On  the  right,  i/>  mile  above  Gun  creek.  Elevation 
of  mouth,  870. 


900  First  Annual  Report 

At  Aiulrow  Howarcrs,  on  the  right,  i/4  mile  up  the 
branch,  an  entry  with  moutli  filled  ui)  gave : 


cVioixf  a    a  OA" 


Fire  Clay  Coal. 

Shaly  S.  S 24' 

Black     and     cannel 

slate  12" 

Impure  flint  clay 4"  Elevation  940. 

Coal  24  to  36" 

The  upper  seam  (and  elswhere  the  lower  seam)  of 
this  coal  is  sometimc^s  wanting,  but  this  is  the  only  known 
instance  of  its  replacement  by  black  slate.  A  case  on 
Beaver  creek  has  been  reported  of  the  absence  of  all  coal 
from  the  bed,  the  flint  fire-clay  alone  remaining  to  rep- 
resent it. 

Hkjgins  Branch. 

On  the  left,  one  mile  above  Gun  creek.  Elevation  of 
mouth,  875. 

On  the  left,  i/o  mile  up  the  branch.  Branch  Higgins' 
10-yard  entry  has  the  following  section : 

No.  3  Coal. 

Shale  8  ft. 

Black  slate  6" 

Coal  13" 

Clay  6" 

Coal  16" 

Elevation,  900. 

From  the  mouth  of  Higgins'  branch  to  Henry  Pat- 
ton's  house,  1/4  mile  up  the  river,  the  following  section 
was  obtained: 

Soft  s.  s 15  ft. 

Covered 60  ft. 

Coal  24" 

Covered    5  ft. 

Thin  iron  ore 

S.   S 20  ft. 

Shale 6" 

Coal  6" 

Flint  fire  clay 1"  Fire  clay  coal. 

Coal  4"  Elevation  945. 
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Shale  and  clay 5  ft. 

Coal  24" 

Shale  and  thin  S.  S...  8  ft. 

Coal  9" 

Fire   clay   24" 

Shale  8  ft. 

Coal  6" 

Fire  clay. 

Shale  to  river  40  ft. 

Tlio  thick  shale  at  tlie  base  is  abundantly  supplied 
with  thin  seams  of  limestone,  small  calcareous  concre- 
tions in  layers  and  some  large  lime  boulders;  by  the  road 
just  above  the  Patton  house  it  appears  to  be  in  part  re- 
placed by  massive  sandstone. 

The  two  sandstones  over  the  fire-clay  coal  are 
peculiar  in  having  there  nearly  vertical  seams  an  inch 
or  two  wide  running  in  various  directions,  and  filled  with 
a  darker  and  harder  sandstone.  In  weathering  the  fill- 
ing is  left  jutting  somewhat  above  the  softer  sandstone 
enclosing  it. 

Half-Mountain  Creek. 

Elevation  of  Mouth,  890. 

Asbury  Stacy,  VL»  mile  up  the  creek,  has  a  20-yard 
entry,  Yi  i^^il^  up  a  right  branch  and  5  feet  above  it,  with 
the  following  section: 

Fire  Clay  Coal. 

S.    S 2  ft. 

Shale  8  ft. 

Coal  15" 

Flint  fire  clay  3"  Elevation  930. 

Coal  16" 

The  only  other  openings  heard  of  on  this  creek  are 
near  the  head  of  Equal  Fork  (a  fork  on  the  right  4  miles 
from  the  river).  A  mile  up  Equal  Fork,  it  divides  into 
three  forks.  At  their  junction  a  thin  splint  coal  lies  in 
the  stream,  and  follows  the  bed  of  the  left  one  of  the 
three  forks  for  i/4  mile.  At  this  point,  some  30  feet  above 
the  splint  coal,  Thomas  Conley  has  an  opening  into  what 
is  probably  the  Hazard  bed.  Milburn  Conley  has  openings 
up  the  other  two  forks  the  same  distance. 
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The  three  sections  are  given  below: 

Left  Fork. 

Stale  4  ft. 

Soft  Coal  18" 

Mud  2"  Elevation  1015. 

Soft  coal   20" 

Middle   Fork. 

Shaly  S.  S 4  ft. 

Coal 17" 

Shale  1" 

Coal  14"  Elevation  1015. 

Shale  2" 

Coal  4" 

Right  Fork. 

Shaly  S.  S 3  ft. 

Splint  coal  27" 

Shale  1"  Elevation  1000. 

Splint  coal  5' 


:« 


The  proximity  of  the  left  fork  of  the  main  creek  to 
the  thick  coal  of  Bullmire  creek  should  be  an  incentive 
for  search  for  the  ITazard  bed  on  this  fork,  and  especially 
as  thick  coal  is  reported  on  the  Quicksand  side  of  the 
divide. 

Puncheon  Camp  Creek. 

Elevation  of  Mouth,  900. 

Bv  Milburn  Conlev's  house  at  the  mouth  of  the  creek, 
on  the  left,  he  has  opened  the  following: 

Fire  Clay  Coal. 

Coal  stain. 

Shale  11" 

Coal. 

Shale    and    flint    fire 

clay 6"  Elevation  935. 

Coal  8" 

On  tlie  left  fork  of  this  creek,  a  mile  up  from  the 
river,  are  a  number  of  openings  into  the  No.  3  bed,  some 
of  which  were  not  visited,  as  they  were  reported  to  be 
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about  like  those  that  were  seen,  all  of  which  gave  thin 
coal.  The  bed  rises  iip-stream  nearly  as  the  Left  Fork 
valley  does.  The  two  bed-sections  given  below  are  (1) 
from  Green  Howard's  pit  on  the  right,  y^  mile  up  Left 
Fork  and  (2)  from  a  6-yard  entry  on  the  right,  y^  mile 
up  Jake  Fork,  which  is  on  the  left  a  mile  up  Left  Fork: 

(1)  (2) 

S,  S 10  ft.  Shale  5  ft. 

Coal   12"  Coal  11" 

Shale  12"  Elevation  950.   Shaie  7"  Elevation  980. 

Coal  18"  Coal  18" 

On  the  left  of  Left  Fork,  IVj  miles  up  it,  an  opening 
by  the  road  shows  the  parting  21/,  feet  thick,  and  the  coal 
somewhat  less  than  in  the  preceding. 

No  openings  appear  to  have  been  made  on  Right  Fork. 

Opposite  the  mouth  of  Puncheon  Camp  creek  the 
Arnett  heirs  have  a  3-yard  entry  into  what  is  probably 
the  Haddix  bed.    Its  bed  section  here  is: 

Shale  24" 

Coal  6" 

Clay  8" 

Coal  12" 

Shale  3"  Elevation  990. 

Coal  25" 

On  the  left  of  the  river,  y^  mile  above  Puncheon 
Camp  creek,  cannel  coal  was  found  in  an  old  prospect 
hole  at  elevation  1,155,  evidently  very  thin.  This  is 
probably  the  Flag  coal.  About  50  feet  higher  are  sand- 
stone cliffs. 

BuLLMiRE  Creek. 

Elevation  of  Mouth,  915. 

A  mile  up  the  creek  and  i/4  mile  up  the  Right  fork, 
an  usually  w^ell  made  15-yard  entry  on  Bird  Howard's 
land  gives  Avhat  at  first  sight  is  a  most  excellent  showing 
of  the  Hazard  bed,  but  closer  examination  is  somewhat 
disappointing,  the  bed-section  giving: 
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Hazard    Coal. 

Shale  10  ft. 

Coal  18" 

Shale  6" 

Coal  2" 

Shale  1" 

Coal  1" 

Shale  1"  Elevation  1020. 

Coal  11" 

Shale  1" 

Coal  32" 

Black  slate  1" 

The  lower  soanis  are  largely  splint  coal,  which  looks 
fine  in  the  stock  ])its  as  one  passes,  but  the  shale  part- 
ings in  sampling  were  found  to  adhere,  more  or  less,  to 
the  adjacent  coal;  the  splint  is  dull  in  appearance,  and 
coal  marketed  will  probably  prove  very  high  in  ash.  The 
impression  acquired  is  that  the  increased  thickness  over 
surrounding  openings  is  gained  largely  at  the  expense 
of  quality. 

Excepting  incomplete  openings  in  the  close  vicinity 
no  others  are  known  on  this  stream. 

On  the  left  of  the  river,  VL»  mile  above  Bullmire  creek, 
A.  J.  Brown  has  a  lO-yard  entry  at  elevation  1,020,  into 
a  bed  which  is  ])robably  the  Iladdix  coal.  It  is  of  about 
the  same  thickness  and  quality  as  the  coal  next  described, 
a  small  hill  only  intervening  between  the  two  openings. 

Salt  Lick  Creek. 

Elevation  of  Mouth,  925. 
On  the  left  of  a  left  branch,  14  mile  up  Salt  Lick, 
Joseph  Allen  has  a  4-yard  entry  with  the  following  bed- 
section  : 

Haddix  Coat. 

S.  S 10  ft. 

Shale  5  ft. 

Soft  coal  11" 

Cannel  coal  7"  Elevation  1030. 

Splint  coal  10" 

The  splint  and  cannel  coal  are  mined  in  one  block 
the  change  from  one  to  the  other  being  gradual  and  al- 
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most  imperceptible.  The  cannel  looks  good  and  the  splint 
is  an  exceptionally  fine  bright  rich  coal,  with  lamination 
hardly  visible: 

On  the  left,  5  miles  np  the  main  (right)  head  of  the 
creek,  in  front  of  Ellett  Stowe's  house,  are  two  entries 
under  massive  sandstone,  the  bed-section  being: 

s.  s 10  ft. 

Cannel  slate  7" 

Splinty  coal 34"  Elevation  1100. 

An  inseparable  half  inch  of  bone  coal  29  inches  from 
the  bottom  detracts  little  from  the  value  of  the  whole 
seam,  which  is  very  bright  and  good,  much  like  the  splint 
of  the  Allen  opening,  next  preceding,  and  is  probably 
the  same  bed,  though  in  going  up  the  creek  the  strata 
seemed  to  rise  too  fast  to  make  it  possible. 

Long  Creek. 

Elevation  of  Mouth,  945. 

The  only  coal  seen  on  this  creek  is  on  the  right,  3 
miles  up  at  elevation  1,085,  20  feet  above  the  creek.  But 
2  feet  thick  with  4  feet  of  shale  and  then  soft  sandstone, 
it  lies  probably  between  Mr.  Stowe's  coal  and  the  fire- 
clay coal. 

The  creek  is  peculiar  in  having  no  branches  of  con- 
sequence up  to  its  forks,  *i\(^  miles  from  its  mouth. 

Buck  Creek. 

Elevation  of  Mouth,  955. 
"While  working  on  this  creek  the  barometer  changed 
considerably  and  the  heights  of  coal  openings  given  are 
unreliable.  It  is  believed,  however,  that  no  material  error 
is  involved. 

Eight  Fork  of  Buck  Creek. 

A  half-mile  up  the  fork,  on  the  left,  %  mile  up  a  left 
branch  by  Proctor  Wireman's  house,  he  has  a  4-yard 
entry  into  a  30"  coal-bed  having  10  feet  of  sandstone 
roof.  Apparently  there  is  no  parting.  The  bottom  7 
inches,  being  in  water,  was  not  seen.  The  bed  is  130  feet 
above  the  fork  at  the  house  and  its  elevation  about  1,120, 
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too  lii^li  for  tlio  Iladdix  coal  (as  appeared  to  be  the  case 
in  goin^  up  to  it),  but  it  is  probably  of  the  Hazard  bed — 
the  sandstone  roof  rather  indicative  of  the  Flag  bed. 

A  mile  up  the  Kight  fork  and  Vs  i^^il^  ^P  a  Right 
fork  at  J.  M.  ()wens  house,  a  bank  on  the  right  shows: 

Coal  stain  1  ft. 

Shale  5  ft. 

Coal  stain  1^  ft.  Elevation  1055. 

Coal  1  ft. 

One  of  tliese  coals  has  been  dug  from  the  stream 
100  yards  farther  up,  and  on  the  right  100  yards  still 
farther  up  the  Hazard  bed  has  been  entered,  but  the  entry 
is  partly  filled.    The  following  remains  visible: 

s.  s 5  ft. 

Shale  (with  two  small 

coals) 10  ft. 

Cannel  slate  5"  Elevation  1085. 

Coal  30  to  36" 

The  coal  is  report(Ml  3  feet  thick  (probably  including 
the  cannel  slate).  The  coals  in  the  shale  bank  below  seem 
to  ho  offshoots  from  the  main  bed,  a  separation  but  just 
beginning  in  the  Bullmire  opening,  a  mile  northwest 
from  this  one. 

Left  Pork  ob^  Buck  Creek. 

Three  openings,  as  given  b(dow,  have  been  made  into 
one  hod  on  this  fork.  The  sandstone  roof,  as  in  the 
Procter  Wireman  entry  on  Kight  fork,  x)laces  the  bed  as 
the  Flag  rather  than  the  Hazard,  but  this  involves  such 
a  di])  from  the  river  uj)  Buck  creek  and  down  the  Right 
fork  from  Owens'  entry  as  seems  somewhat  improbalDle. 
The  three  openings  are : 

Ys  Miles  Up  Left  Fork  and  '/s  Mile  Up  a  Left  Branch. 


*ff 


Shaly  S.  S 36' 

Spllnty  coal  22"  Elevation  1080. 

Knife  edge  parting  (above  stream  25) 

Coal  4" 
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Ellett  Wireman'8  on  Right,  1   Mile  Up. 

S.    S 5  ft. 

Coal 19"  Elevation  1085. 

Shale  and  coal  4"  (above  stream  110.) 

Coal  4" 


Irwin  Bailey's  (on  left,  2  miles  up.) 

S.    S 10  ft. 

Coal   23"  Elevation  1055. 

Knife  edge  parting.  (above  stream  20.) 

Coal  T 


fff 


Whitley  Creek. 

Elevation  of  Mouth,  970. 

Three  exposures  of  one  bed  on  this  creek  give  a  down 
stream  dip  of  40  to  50  feet  per  mile,  Avhich  would  bring 
it  about  to  the  level  of  the  Haddix  coal,  and  one  of  the  ad- 
jacent small  seams  it  probably  represents.  The  exposures 
are: 

Smith  Whittaker'8  on  Left,  1  Mile  Up. 

Shaly  S.  S 5  ft. 

Shale  1  ft. 

Coal  26"  Elevation  1065. 

Shale  6"  (above  creek  20.) 

Coal  2" 

(Probably  coal  below.) 

On  Left,  ^%  Miles  Up. 

S.    S 10  ft. 

Coal  12" 

Shale  1"  Elevation  1090. 

Coal  15"  (above  creek  10.) 

Shale  and  coal  4" 

Fire  clay. 

At  Creek,  ^y^  Miles  Up. 

Coal  14" 

Shale  1"  Elevation  1110. 

Coal  3" 

Shale  2" 

Coal  .• 10" 
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Trace  Fork. 

Elevation  of  Mouth,  975. 

Sam  Wireman's  house  and  store  are  %  ^^^  ^P  ^^is 
fork :  A  mile  up  a  right  branch  and  i/s  mile  up  a  hollow  on 
the  right  the  following  section  of  the  Hazard  coal  shows 
in  and  over  his  entrv,  now  hardlv  accessible: 

Shale  20  ft. 

Shaly  S.  S 10  ft. 

Shale  and  black  slate  5  ft. 

Shale  2  ft. 

Coal  12" 

Shale  36"  Elevation  1120. 

Coal  44" 

The  upper  6  inches  of  this  coal  is  a  good  soft  block, 
the  remainder  a  particularly  rich-looking  block  and 
splint. 

Right  Fork  of  Trace  Fork. 

Two  Miles  Up:  Elevation-  of  Mouth,  1,025. 
Three  entries  on  this  fork  show  the  Hazard  coal 
somewhat  reduccnl  from  the  preceding.    They  are  as  fol- 
lows : 

Adam  Allen  on   Right,  14  Mile  Up,  30  Yard   Entry. 

Coal  stain. 

Shale  5  ft. 

Coal  3  ft.  Elevation  1120. 

D.  E.  Stacy  on   Left,  1/2  Mile  Up,  6  Yard   Entry. 

Coal  stain. 

Shale  15  ft. 

Coal    3" 

Clay  4"  Elevation  1190. 

Coal  31" 

Stephen  Wireman,  %,  Mile  Up.    Yz  Mile  Up  Right  Branch  and  Ya  Mile 

Up  Right  Fork. 

Shale  10  ft. 

Coal  9" 

Shale  5"  Elevation  1160. 

Coal  ^ 33" 
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A  seam  of  carbonate  iron  ore  shows  in  the  point  of 
the  hill  30  feet  under  the  Allen  entry. 

At  a  pit  in  the  branch  60  yards  above  the  Wireman 
entry  the  coal  is  almost  four  feet  thick  and  the  parting 
reduced  to  three  inches. 

Left  Fork  of  Trace  Fork. 
214  Miles  Up:  Elevation  of  Mouth,  1,035. 

Bake  Lick  branch  is  on  the  left,  Y2  ^^^  ^P  this  fork. 
On  the  right,  Vo  mile  up  the  branch  and  100  yards  up  the 
middle  one  of  three  inlets,  a  coal  without  a  parting  shows 
29  inches  thick  under  shale  roof  at  elevation  1,105. 

In  the  point  of  the  hill  on  the  right  of  the  above 
Wiley  AVireman  has  a  pit  sunk  into  the  Hazard  bed,  at 
elevation  1,230,  showing  when  visited  1  foot  or  more  of 
splint  or  semi-cannel  coal.  The  bed  was  reported  3^/^ 
feet  thick,  but  whatever  it  may  be  there  it  would  doubt- 
less be  more  if  down  under  proper  cover.  The  bench 
here  is  verv  broad. 

On  the  right,  a  mile  up  Left  fork,  the  fire-clay,  or  the 
coal  above  it,  gives,  in  a  2-yard  entry  of  Wiley  AVireman, 
39  inches  of  coal  Avith  two  thin  partings  included :  Eleva- 
tion 1.070,  15  feet  above  stream.  The  bed  is  reduced  to 
33  inches  and  one  parting  y^  mile  farther  up.  The  roof 
there  is  of  sandstone. 

Barb  fork  is  on  the  left  V/2  miles  up  the  Left  fork. 
From  the  stream,  1/.  mile  up,  coal  has  been  taken,  leaving 
a  face  of  over  2  feet  and  no  bottom  reached.  Its  eleva- 
tion, 1,160,  leaves  correlation  too  uncertain. 

At.  Cal.  Hale's,  5V^  miles  up  Trace,  a  pit  in  the  point 
of  the  hill  on  the  right,  140  feet  above  the  creek,  gives 
28  inches  of  coal  to  a  shale  or  clay  bottom.  This  pit  is  also 
on  a  broad  bench  marking  the  coal  of  the  Hazard  bed ;  its 
elevation  is  1,230.  The  28  inches  thickness  of  coal  can 
only  be  regarded  as  a  minimum :  How  much  may  have 
weathered  away  from  the  top  or  be  underneath  should  be 
determined  by  drifting. 
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John  Howard  Branch. 

Elevation  of  Mouth,  985. 

William  Coiiley,  14  mile  up,  has  an  8-yard  entry  on 
the  left  of  and  14  ™1^  ^P  ^  right  branch,  on  the  first 
broad  bench  of  the  hill.    Its  bed-section  is : 

Hazard  Coal. 

Shale  10  ft. 

Coal  30"  Elevation  1090. 

The  lower  part  of  this  coal  is  hard  and  splinty.  Pos- 
sibly more  coal  lies  below,  as  at  the  next  following  Hazard 
opening. 

The  fire-clay  coal  soon  rises  above  drainage  on  John 
Howard  branch.  Two  of  its  associate  seams  are  prob- 
ably represented  by  thin  coals  in  the  branch  and  ten  feet 
above  it,  two  miles  from  the  river  on  the  Road  fork :  Their 
elevations  are  1,050  and  l,0(iO. 

A  half  mile  above  John  Howard  branch,  A.  Wire- 
man's  coal,  taken  from  the  river  bed  level,  is  probably  of 
the  fire-clay  coal.  It  was  not  in  condition  for  measure- 
ment when  visited,  but  its  thickness  is  estimated  at  2^^ 
feet. 

In  the  point  of  the  hill  on  the  right  of  the  river  a 
mile  above  John  Howard  branch,  James  Neeley  has 
entries,  120  feet  above  the  river,  one  of  which  gives  the 
following : 

Hazard  Coal,  10-yard  Entry. 

Shale  8  ft. 

Shelly  coal 7" 

Clay  2" 

Coal  39"  Elevation  1105. 

Shale  4" 

Coal  6" 

At  the  mouth  of  the  entry  the  partings  are  but  half 
as  thick  and  the  top  coal  two  inches  thicker  than  at  the 
face  as  given. 

The  first  foot  of  coal  above  the  lower  parting  is  very 
hard.  The  Avhole  bed  Avould  have  been  better  developed 
away  from  the  point  of  the  hill.  The  bench  here  is  very 
broad. 


Kentucky  Geological  Survey  911 

Molly  Branch. 

Elevation  of  Mouth,  995. 

Mrs.  Howard,  one  mile  up,  has  four  exposures  of  the 
Hazard  coal,  %  i^ile  up  the  left  branch,  just  below  her 
house : 

No.  1    (on  Left.) 

S.    S 10  ft. 

Coal  6     " 

Shale  2  to     3     " 

Coal  6     "  Elevation  1125. 

Shale  %" 

Coal  28     " 

No.  2,  50  Yards  Below  No.  3. 

Massive  S.  S 20  ft. 

Coal  15" 

Shale  1"  Elevation  1125. 

Coal  32" 

No.  3  (on   Right.) 

Thin  bedded  S.  S 20  ft. 

Coal  49"  Elevation  1120. 

No.  4,  on    Right  Branch   and    150  Yards  Above   No.  3. 

Shale  5  ft. 

Coal  6" 

Shale  3" 

Coal  15" 

Clay  1"  Elevation  1120. 

Coal  26" 

Covered  10  ft. 

Coal  3" 

111  Xo.  3  the  upper  3  inches  of  the  28-iiicli  seam  is 
shelly,  the  4  inches  under  that  and  2  inches  in  the  middle 
of  the  16-incli  seam  higher  up  have  a  decidedly  bony 
look,  but,  tried  in  a  fire  the  ash,  though  evidently  in 
large  proportion,  Avent  completely  to  powder,  while  bone 
coal  is  regarded  as  such  as  retains  its  original  form. 

These  four  contiguous  exposures  illustrate  markedly 
not  only  a  locally  conspicuous  roll  and  changes  of  bed- 
section,  but,  chiefly  important,  the  change  in  character 
of  roof  which,  farther  up  the  river,  usually  consists  of  a 
thick  bed  of  shale  containing  a  rider  of  coal. 
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Here  the  massive  sandstone  over  No.  2  forms  an  im- 
iisually  deep  rockhouse,  proving  the  strength  and  uni- 
formity of  the  rock.  At  No.  3  the  roof  is  in  thin-bedded 
layers  of  sandstone  wholly  different  from  the  preceding, 
while  at  No.  4  a  comi)lete  change  to  shale  is  affected. 
This  indicates  a  change  in  rock-making  material  rather 
than  the  decrease  or  increase  of  thickness  of  strata. 

Mrs.  Howard  has  another  opening,  just  started,  on 
the  left,  V/2  miles  up  Molly  Branch,  15  feet  above  it, 
where  the  following  section  is  uncovered : 

Hazard  Coal. 

Coal  stain 4" 

Shale  18"  Elevation  1140. 

Coal  59" 

At  river  level  on  the  left  of  it  and  on  the  right  of 
the  road,  just  below  the  mouth  of  Big  Branch,  coal  for 
local  use  is  taken  and  this  section  was  obtained  : 

s.  s 15  ft. 

Shale 3  to    6  ft. 

Coal  6  to     8" 

Shale 1%  to     4^  ft.  Elevation  1005. 

Coal  with  two  thin 

partings  30" 

S.  S.  at  river  bed. 

This  is  probably  of  the  fire-clay  coal  without  its  char- 
acteristic parting,  the  elevation  being  too  low  for  the 
Haddix  coal. 

The  change  in  thickness  of  shales  here  is  gradual  and 
not  due  to  replacement  as  on  Molly  Branch. 

Big  Branch. 

Elevation  of  Mouth,  1,005. 

Three  openings  on  this  branch  give  the  Hazard  bed 
and  covering  as  shown  below: 

Widow  Sheppard  on  Right,  3  Miles  Up. 

S.    S 5  ft. 

Sliale  4  ft. 

Coal    1  ft. 

Shale    8  ft.  Elevation  1125. 

Coal    1%  ft. 

Shale    8  ft. 

Coal    4%  ft. 
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Hiram  Johnson  on  Right,  ^  Miles  Up. 

Shale   6  ft. 

Coal    6" 

Shale    4  ft.  EHevation  1135. 

Visible  coal  36" 

On   Left,   1    Mile   Up. 

Shale   5  ft. 

Coal    23" 

Clay    1"  Elevation  1140. 

Coal    33" 

None  of  this  coal  was  found  shelly,  bony  or  otherwise 
impaired.  That  of  the  middle  opening  was  hardly  acces- 
sible and  partly  covered  by  fallen  earth.  The  coal  is 
probably  about  as  thick  as  at  the  other  openings. 

Bull  Creek. 

Elevation  of  Mouth,  1,015. 

Lick  Fork. — On  the  right,  %  mile  up. 
A  half  mile  up  this  stream  and  ^4  ^^^^^  up  ^  right 
branch  Mr.  Bradley  has  a  10-yard  entry  giving: 

Shale  10  ft. 

Hazard  coal  69"-f- 

The  bottom  6  inclies  being  in  water  was  not  seen. 

At  the  mouth  of  this  branch,  100  feet  below  the  coal, 
is  an  impure  limestone,  nearly  a  foot  thick,  w^hich  has  a 
tendency  to  weather  into  blocks  about  a  foot  square.  If 
this  is  continuous  it  may  serve  as  an  aid  elsewhere  in 
finding  the  Iladdix  and  Hazard  coals  above  it  or  the  fire- 
clay coal  about  20  feet  beneath  it.  A  similar  stone  was 
found  on  Whiteley  and  other  streams  near  by,  but  that 
deposit  is  below  the  fire-clay  coal. 

In  the  i^oint  of  the  hill  on  the  right  at  the  forks  of 
Lick  Fork,  a  mile  from  its  mouth,  carbonate  iron  ore  is 
exposed  twenty  feet  below  the  stain  of  the  Hazard  coal 
and  perhaps  40  feet  below  the  actual  level  of  the  bed.  An 
abandoned  entrv  into  the  coal  shows  on  the  hillside  across 
the  creek. 

On  the  left,  a  mile  up  Bull  creek,  100  feet  above  it, 
Dan  Wireman  has  a  60-vard  entrv  from  which  the  fol- 
lowing  section  was  taken: 


i 
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Hazard  Coal. 

S.    S 10  ft. 

Coal    12" 

Shale    5  ft. 

Coal    43" 

Shale    1"  Elevation  1130. 

Coal    16' 

Fire  clay  3' 

Coal    12' 


»" 


»« 


»w 


Tlio  bottom  seam,  not  seen  by  the  writer,  is  as  re- 
ported by  Mr.  Crider  of  the  State  Geological  Survc^y. 

The  upper  8  inches  of  the  bed  is  shelly  and  Avould 
count  for  little  in  mining;,  more  than  its  giving  good  head 
room.  A  **draw  slate"  8  inches  thick  lies  on  the  coal, 
above  which  is  a  moderately  good  holding  shale,  al- 
though it  has  fallen  in  several  places  in  the  length  of  the 
entrv. 

On  the  left,  1 14  niiles  up  Bull  creek  5  feet  above  the 
creek  is  27  inches  of  coal  between  sanstones  (one  foot 
shale  roof)  at  elevation  1,050,  j^robably  above  the  fire- 
clay coal. 

Dan  Wireman  has  an  unfinished  opening  into  the 
Hazard  bed,  IM^  uiiles  up  the  creek,  on  the  left,  y^  mile  up 
a  right  branch,  which  appeared  to  have  slightly  under 
5  feet  of  coal — entirely  covered  on  a  second  visit. 


Brushy  Creek. 

Elevation  or  Mouth,  1,020. 

Muddy  Branch. — On  the  left,  %  mile  up  Pine 
branch;  on  the  left,  V-2  mile  up. 

On  the  right,  14  ^^li'^'  ^^P  ^^^'^  ^^  these  branches, 
AVilliam  Shepard  has  openings  as  follows  in  the  Hazard 
coal: 

Muddy  Branch,  7-Yard  Entry. 

S.    S 3  ft. 

Shale    1  ft. 

Coal 3"  Elevation  1120. 

Knife  edge  parting. 
Coal    48" 

Pine   Branch. 
Earth. 
Coal  59"  or  more.    Elevation  1105. 
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In  the  entry  the  top  3  inches  of  coal  is  shelly,  and  2 
inches  of  block  coal  under  the  parting  is  i)oor. 

Road  Pork. — On  the  left,  1  mile  uj). 

A  half  mile  up  this  fork,  on  the  right,  i/4  i^^il^  ^P  ^ 
left  branch.  Win  Shepard  has  another  opening,  in  which 
the  bed  is  badly  split  up,  as  shown  below : 

Hazard  Coal. 

Shale    10  ft. 

Coal    23" 

Shale    12" 

Coal    12"  Elevation  1080. 

Covered   36" 

Shale   5  ft. 

Coal    12" 

It  is  to  be  noted  that,  as  obtained  by  barometer,  this 
opening  is  25  or  30  feet  lower  than  those  on  either  side  of 
it.  Also  this  opening  is  at  the  bottom  of  the  broad  bench, 
whereas  the  next  following  is  15  to  20  feet  up  on  it.  This 
leads  to  a  possibility  that  this  opening  is  below  the  main 
seam  of  the  Hazard  bed. 

A  fourth  opening  of  Mr.  Shepard 's,  an  8-yard  entry 
on  the  right  of  road,  %  i^i'^  ^^P  Road  fork,  gives  the 
following : 

Hazard  Coal. 

Earth. 

Coal    12" 

Shale    5  ft. 

Coal    21"  Elevation  1110. 

Shale    1" 

Coal    28" 

This  opening  is  but  75  feet  below  the  low"  gap  to 
Middle  creek. 

At  (or  near)  R.  B.  Hale's,  a  mile  above  Brushy 
creek,  Mr.  Crider  found  the  fire-clay  coal  12  feet  above 
the  river;  elevation,  1,040. 

Back  of  and  below  Mr.  Hale's  house,  on  the  left  of 
the  river,  the  Hazard  coal  is  opened  in  a  3-yard  entry, 
where  the  following  section  was  obtained : 
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Shale    5  ft. 

Coal    12" 

Shale    9  ft. 

Coal    59" 

Elevation,   1160. 

Tlio  coal  is  laixoly  si)lint  and  makes  an  excellent 
shoAvinjs:  l)urnecl  in  a  ^rate. 

T.  B.  Wliittaker  has  a  G-vard  entry  at  the  head  of 
a  drain  on  tlie  ri<j^ht,  l-!4  miles  above  Brushy  creek,  show- 
ing nearly  the  same  thickness  as  Mr.  Hale's,  but  with  10 
inches  of  slielly  coal  at  the  top.  Possibly  Mr.  Hale's  has 
this  also,  but  water  in  the  entry  prevented  access  to 
the  face.  The  covering  differs,  as  shown  in  the  follow- 
ing section : 

Hazard  Coal. 

S.    S 10  ft. 

Coal    12" 

Shale    5  ft.  Elevation  1215. 

Coal    58" 

Will  Branch. 
Elevation  of  Mouth,  1,035. 

Coal  IG  inches  thick  has  been  taken  from  this  branch, 
1/4  mile  up  it,  which  is  probably  underneath  the  fireclay 
coal.    The  strata  rise  nearly  as  the  valley  does. 

On  the  right,  %  mile  up,  John  Shepard  has  an  8- 
yard  entry,  the  face  now  inaccessible,  but  measured  at 
the  mouth  gave: 

Hazard  Coal. 

Shale    6  ft. 

Coal    24" 

Mother  coal   1"  Elevation  1215. 

Coal    41"-h 

At  the  face  there  appeared  to  be  another  one  inch 
parting  about  2  feet  from  the  bottom.  This  appears  to  be 
the  same  opening  visited  by  Prof.  Crandall,  as  reported 
by  him  in  Bulletin  No.  10,  although  the  covering  differs 
considerably.  His  section  and  the  analysis  of  his  sample 
as  given  in  that  bulletin  are  repeated  here: 
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Hazard  Coal. 
S.  S. 

Shale    24" 

Coal    21" 

Bit.  slate  1" 

Coal    25" 

Bit.  slate  1" 

Coal    11" 

Bit.  slate  1" 

Coal    8" 

Analysis. 

Moisture   3.40 

Volatile  matter  32.80 

Fixed  carbon  56.30 

Ash    7.50 

100.00 
Sulphur  0.826 

Mr.  Cridor  gives  tlie  following  bed-section  found  on 
J.  B.  Shepard's  land  on  the  right  of  AVilPs  branch: 

Hazard  Coal. 
Slate. 

Coal    6" 

Clay    4" 

Coal    18"  Elevation  1350. 

Shale    14' 

Coal    18' 


i« 


)ff 


Grassy  Creek. 

Elevation  of  Mouth,  1,040. 

^fr.  Ch'ider  also  found  on  the  river  *^by.  the  road  just 
below  the  mouth  of  Grassv  creek:" 


Fire  Clay  Coal. 

Shale    20  ft. 

Coal    30" 

Fire-clay   and   shale..  5  ft. 

Coal    12" 

Flint  fire  clay  3" 

Coal    12"  Elevation  1040. 

Fire-clay   18" 

S.    S 24" 
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At  T.  B.  AVhittaker's,  V^  mile  up  the  creek,  in  it  and 
in  the  roacl  a  4-foot  bed  of  coal  was  reported  to  the  writer, 
but  the  pit  was  filled  with  wash  and  no  sign  of  coal  re- 
mained. Mr.  Crider  reports  the  following  section  for 
this  bed  (its  elevation  reduced  to  the  present  basis), 
below  the  mouth  of  Grassv  creek:" 

Top  of  hUl— Elevation  1520. 
Heavy  S.  S.,  forming  cliffs. 

Flag  Coal. 
Slate. 

Coal    6" 

Clay    4" 

Coal    18"  Elevation  1350. 

Carb.  shale  14" 

Coal    18" 

Interval 120  ft 

Hazard  Coal. 

Shale    7  ft. 

Coal    26" 

Shale    5" 

Coal    4" 

Shale    1" 

Coal    3" 

Shale    1" 

Bl.  slate  1"  Enevation  1230. 

Coal    24" 

Shale    2" 

Bl.    slate    1" 

Coal    16" 

Clay  1  to     2" 

Coal    30"+ 

Interval  130  ft. 

Slate    4%  ft. 

Coal  3" 

Gray  shale  24" 

Coal  8"  Elevation  1100. 

Clay  4" 

Coal  10" 

Slate    2%" 

Coal  9" 

Interval  50  ft. 

S.  S. 

Shale  24" 

Coal  3" 

Slate  iW  Elevation  1050. 

Coal  42" 
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The  second  bed  is  probably  a  part  of  the  fire-clay 
seam,  the  lower  bed  may  possibly  be  the  No.  3,  but  it 
seems  too  close  to  tlie  fire-clay  coal  for  that  bed.  The 
highest  bed  is  given  as  the  Flag,  but  the  interval  seems 
too  great  and  it  may  be  a  higher  coal.  The  rapid  rise  of 
strata  up  the  creek  makes  it  probable  that  the  No.  3 
bed  may  be  opened  above  drainage  there.  If  of  the  No. 
3  bed  a  large  area  about  the  head  of  the  river  may  be 
reasonably  expected  workable,  readily  accessible  by 
shafts  or  slopes,  if  not  in  outcrop,  and  practically  undi- 
minished in  area  by  erosion,  tlie  possibility  urgently  in- 
vites full  investigation. 

On  the  left,  i/i  ^^^  iip  Grassy  creek,  in  the  drain 
behind  Mr.  Whittaker's  house,  several  small  seams  of 
coal  appear,  which,  at  elevation  1,080  to  1,100,  must  be 
in  the  close  vicinity  of  the  fire-clay  coal.  Some  of  this 
group  also  appear  on  the  river  above  Grassy  creek  near 
its  mouth. 

At  the  head  of  the  right  fork  of  this  drain  an  un- 
finished opening  at  the  bottom  of  a  broad  bench  gives 
the  following: 


Hazard  Coal. 

Shale  7  ft. 

Coal  26" 

Shale  5" 

Coal  4" 

Shale  1" 

Coal  3" 

Shale  1" 

Black  slate  1" 

Coal  24"  Elevation  1230. 

Shale  2" 

Black  slate  1" 

Coal  16" 

Clay  1  to     2" 

Coal  30"-|- 

Ilalf  of  the  bottom  seam  was  in  water,  and  the 
measurement  therefore  inexact,  but  there  is  no  doubt  of 
its  being  all  coal. 

At  Albert  Shepard's,  %  mile  up  Grassy,  at  the  head 
of  a  small  drain  on  the  left,  also  at  the  bottom  of  a  broad 
bench  and  205  feet  above  the  creek,  the  same  bed  is  found 
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in  an  incomplete  openin<?  still  more  injured  by  partings 
and  with  the  coal  much  reduced.    Its  bed-section  follows : 

Hazard  Coal. 

Rock  and  clay 5  ft. 

Coal  16" 

Shale  16" 

Coal  8" 

Covered 30" 

Shale  16"  Elevation  1280. 

Coal  11" 

Black  slate  2" 

Coal  12" 

Tlie  hei«:lit  of  this  bed  above  the  creek  gives  ample 
room  for  the  appearance  of  the  No.  3  bed  above  drain- 
age, if  its  interval  below  the  Hazard  is  no  greater  than 
was  found  down  the  river. 

At  Elkanah  Gearhart's,  a  mile  above  Grassy  creek 
and  190  feet  above  it,  an  unfinished  opening  gave  to  Mr. 
Crider  the  following  section: 

Hazard  Coal. 

Slate    10  ft. 

Coal  15" 

Slate    Z%  ft.  Elevation  1240. 

Coal  48" 

Full  development  may  give  thicker  coal.  This  was 
in  process  on  the  writer's  visit,  but  at  that  time  a  fall  of 
earth  had  nearlv  hidden  the  whole. 

ft 

Quicksand  Fork. 

Sam  Bailey  has  an  opening  on  the  point  of  a  hill  on 
the  right,  y^  mile  up  the  fork,  in  which  the  following 
bed-section  shows.  With  scant  covering  the  coal  has 
doubtless  weathered  away  considerably  and  the  parting, 
perhaps,  crept  in : 

Hazard  Coal. 

Shale  2  ft. 

Coal  12" 

Clay  shale  7  to  12" 

Coal  34" 
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This  and  the  next  preceding  opening  are  on  the  first 
broad  bench  above  the  river. 

At  Gardner  Bailey's,  21/0  miles  above  Grassy  creek, 
in  the  point  of  a  hill,  14  mile  up  a  right  branch,  on  a  good 
bench,  but  witli  another  equally  good  80  to  90  feet  lower, 
an  abandoned  entrv  shows  2V»  to  3  feet  of  coal  under 
10  feet  of  shale.  This  is  of  the  Flag  bed,  its  elevation 
1,370;  the  river  about  1,090. 

At  the  mouth  of  the  branch,  or,  at  Mr.  Bailey's 
house,  the  Flag  bed  is  probably  about  300  feet  above  the 
river,  the  fire-clay  coal  100  feet  above,  and  the  No.  3 
should  be  found  w^ithin  40  feet  of  the  river,  probably 
above  Avater  level  but  possibly  below.  Both  give  justi- 
fication for  search,  the  fire-clay  coal,  across  the  divide  to 
the  south,  in  an  opening  on  the  head  of  Salt  Lick  creek, 
having  40  inches  of  coal  and  but  4  inches  of  parting. 

The  Er.KHORN  Coal. 

The  Elkhorn  seam  is  found  of  good  thickness  across 
the  divide  on  Big  Sandy  Avaters,  but  is  everywhere  be- 
neath drainage  in  this  section.  Its  place  w^ould  be  prob- 
ably 250'  below  the  surface  at  the  mouth  of  Grassy  and 
less  than  that  with  the  rising  dip  down  the  river.  The 
well  known  character  of  this  coal  would  seem  to  justify 
some  drilling  with  a  core  drill  to  test  its  presence  and 
thickness  here. 
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COALS  ON  THE  NORTH  SIDE  OF  THE  NORTH 

FORK  OF  KENTUCKY  RIVER  IN  PERRY 

AND  KNOTT  COUNTIES. 

BY 

James  M.  Hodge. 


Tliis  report  follows  a  recont  examination  of  all 
developments  which  Avere  available  in  the  region  it 
cov^ers,  viz:  The  Lost  creek  watershed  above  Cockerel 
Fork  in  Breathitt  County,  and  the  drainage  area  of  the 
North  Pork  of  Kentuckv  River  on  the  north  side  of  the 
river  from  Lot's  Creek  to  Carr  Fork,  inclusive,  w^ith  the 
exception  of  that  part  of  Carr  Fork  above  Irishman 
Creek.  The  report  is  made  along  the  lines  adopted  in 
Bulletin  No.  11  of  the  Kentucky  Geological  Survey,  to 
which  reference  is  frequently  made,  and  amplifies  and 
corrects  that  report  to  the  extent  of  the  territory 
covered. 

New  topographical  maps,  on  a  large  scale,  of  most 
of  this  field  issued  jointly  by  the  Kentucky  Geological 
Survey  and  the  V.  S.  G(K)logical  Snrvej^,  admit  of  location 
of  openings  Avith  a  great  degree  of  accuracy,  and  alti- 
tudes marked  frec^uc^itly  along  streams,  roads  and  hill- 
tops, as  well  as  on  the  maps,  have  aided  very  much  in 
using  the  barometer  for  getting  heights  of  openings  and 
determining  correhitions  and  inclinations  of  strata.  It 
should  be  noted,  however,  that  barometric  readings  can 
never  be  relied  upon  implicitly,  but  are  often  in  error  and 
always  subject  to  correction. 

There  are  numerous  altitu<les  given  in  this  report, 
and  they  are  expected  to  rei)lace  thosc^  given  in  the  earlier 
rei)ort. 

Beyond  mentioning  the  fact  of  a  general  northwest 
dip  throughout  this  restricted  field,  it  is  necessary  to  say 
little  more  here  in  regard  to  structure.  The  closer  w^ork 
done  has  revealed  numerous  minor  cross  dips  and  re- 
verse dips,  some  of  which  are  pointed  out  when  treating 
of  the  localities  where  they  occur,  while  others  are  too  ob- 
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vioiis  to  need  mention.  Outcrop  surveys  are  needed  for 
final  detennination  of  local  dii)s  before  mining  opera- 
tion are  begun.  This  is  work  for  property  owners  and  is 
now  well  under  way. 

AVitli  such  knowledge  of  them  as  is  already  acquired, 
the  outcrops  of  two  of  the  bcMls  at  least,  the  fire-clay  and 
the  Flag  coals,  can  be  drawn  on  the  map,  their  areas 
calculated  and  from  their  known  thickness,  the  available 
coal  be  determined  with  sufficient  accuracy  for  general 
purposes.  The  princii)le  beds  above  drainage  in  this 
region  and  ai)i)roximate  intervals  between  them,  with  the 
notation  locally  used  to  describe  them  added,  are  as 
follows : 

Hindman  Coal. 

Interval  100  feet. 
Flag  Coal    (No.  7). 

Interval  40  to  80  feet  or  more. 
Hazard  Coal   (No.  6). 

Interval  100  feet. 
Haddix  Coal   (No.  5). 

Interval  200  to  235  feet. 
Fire-clay  Coal  (No.  4). 

Three  other  coals,  one  a  rider  to  the  fire-clay  coal, 
one  midwav  between  the  Haddix  and  Hazard  coals,  and 
the  third  between  the  Flag  and  Hindman  coals,  some- 
times assume  a  workable  thickness,  but  it  is  very  doubt- 
ful if  they  do  so  over  much  area.  These  intervals  are 
variable  without  apparent  regularity,  though  there  seems 
to  be  an  approach  to  a  uniform  increase  of  interval  be- 
tween the  Ilazard  and  Flag  coals  from  40  feet  on  Lost 
creek  to  80  feet  on  Lot's  creek  and  possibly  to  100  feet 
on  Irishman  creek.  The  lowest  strata  exposed  are  at  the 
mouth  of  Irishman  creek,  160  feet  below  the  fire-clay 
coal,  and  the  highest  are  at  the  head  of  Trace  Fork  of 
Irishman,  probably  300  feet  above  the  Hindman  coal — 
in  all  about  1,000  feet  of  measures.  The  lowest  100  feet 
of  this  carries  no  coal  of  value  nor  any  conspicuous  rock. 
At  the  top  of  this  100  feet  is  a  thin  coal,  apparently  con- 
stant, and  underlying  a  sandstone  which  forms  the  lower 
cliffs  at  the  river  above  Hazard  and  carrying  the  Whites- 
burg  coal,  with  more  or  less  shale  accompanying  it,  at 
varying  distances  from  the  fire-clay  coal  above  it,  but 
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normally  about  30  feet.  The  Wliitesburg  coal,  aboye^ 
drainage  in  this  field  only  at  and  above  Hazard,  is  in 
places  wholly  cut  out  by  this  sandstone,  but  while  often 
carrying  enough  coal  for  working  is  so  cut  up  by  part- 
ings as  to  ruin  it.  Only  at  one  place,  on  Irislunan  creek, 
does  it  show  three  feet  of  clean  coal.  The  fire-clay  coal 
is  below  drainage  on  the  upi)er  half  of  Lost  creek,  its 
bed-section  before  going  under  the  creek  showing  part- 
ings whicli  give  to  its  three  feet  and  over  of  coal  an  unat- 
tractive appearance.  On  Lot's  creek  the  upper  part  of  this 
bed  is  clean,  varying  in  thickness  from  workable  to  non- 
workable  under  present  conditions.  At  its  thickest  it 
ai)pears  in  large  part  as  cannel  coal.  From  the  mouth 
of  Lot's  creek  up  the  river  to  Carr  Fork  and  thence  to 
Irislmian  creek  there  is  a  gradual  increase  in  thickness 
of  the  fire-clay  coal,  but  with  a  number  of  fluctuations: 
the  upper  bench  of  coal  is  remarkably  constant  at  3  to 
31/0  feet  over  a  large  area,  while  the  lower  bench  adds  an 
increasing  amount  of  coal  of  doubtful  value  owing  to 
the  impurities  in  it.  The  quality  of  the  upper  bench  is 
fine  for  domestic  use  and  for  steam,  and  its  uniformity 
in  appearance  throughout  its  thickness  is  striking.  On 
Carr  Fork  it  is  usually  without  regular  cleavage.  The 
peculiar  parting  in  this  bed  is  still  more  singular  in  a 
part  of  this  field  in  that  it  consists  of  two  distinct  parts, 
tlie  lower  the  usual  brown  (sometimes  black)  flint  clay, 
the  upper  part  a  combined  black  slate  and  fire-clay,  some- 
times so  largely  bituminous  as  to  make  the  closest  ex- 
amina  necessary  to  determine  it  from  splint  coal  before 
it  is  mined.  But  slowly  affected  by  weather,  it  is  conspicu- 
ous in  the  dumi)s  from  entries  and  often  elsewhere  be- 
low the  bed  and  serves  for  identification  when  entries 
are  closed.  To  it  is  applied  here  the  name  of  '*  black 
jack.''  A  peculiarity  in  the  roof  of  this  coal,  seen  in  so 
many  places  as  to  lead  to  the  impression  that  it  is  ex- 
ceptional otherwise,  is  that  where  shale  covers  the  bed 
on  outcrop,  on  going  a  few  yards  underground  the  shale 
changes  to  sandstone ;  sometimes  this  flakes  off  near  the 
mouth  but  does  not  farther  in.  This  change  occurs  even 
when  no  sand  whatever  can  be  detected  outside  either  by 
eye  or  with  hammer.  This  necessitates  doubt  of  any 
shale  which  has  been  exposed  to  weathering  if  it  may 
not  reallv  be  a  weathered  sandstone.    The  rider  to  the 
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fire-clay  coal  shows  a  fair  thickness  only  on  Lot's  creek 
and  at  one  locality  there.  The  adjacent  rocks  vary  from 
shales  and  thin  sandstones  away  from  the  river  to  thick, 
massive  sandstones  in  the  vicinity  of  the  river  which  ap- 
parently cut  out  this  bed.  From  these  shales  or  sand- 
stones up  to  the  Haddix  coal  there  is  generally  an  alter- 
nation of  shales  and  thin  bedded  sandstones,  the  latter 
predominating  and  supplying  most  of  the  flagstones  re- 
quired for  local  use. 

For  a  few  miles  on  Lost  creek  the  Haddix  coal  makes 
an  excellent  showing  of  from  three  to  five  feet,  but  be- 
fore going  below  drainage  it  becomes  thin,  to  reappear  on 
Trace  Fork  of  Lot's  creek  with  over  four  feet  of  coal. 
On  the  main  creek  and  upper  branches,  however,  along 
the  river  and  on  Carr  Fork,  it  appears  to  be  lost,  no 
openings  in  it  being  known  except  at  the  head  of  Kelly 
Fork  of  Lot's  creek,  where  a  thick  bed  has  been  found 
which  is  presumably  the  Haddix.  From  the  Haddix 
coal  to  the  Hazard  coal  is  largely  massive  sandstone, 
the  twenty  feet  of  sandstone  close  under  the  Hazard  be- 
ing particularly  durable,  presenting  cliffs  of  that  thick- 
ness at  frequent  intervals.  Half  way  between  the  Haddix 
and  Hazard  beds  is  a  coal,  apj^arently  constant,  wdtli  over 
three  feet  of  coal  on  the  ui)per  forks  of  Lot's  creek.  To 
this  bed  is  given  the  name  of  ''Young"  coal.  The  Haz- 
ard bed,  with  five  and  seven  feet  of  coal  on  Lost  creek, 
is  found  workable  in  a  few  places  elsewhere  in  this  field ; 
it  seems  to  be  j)articularly  uncertain  as  to  partings,  and 
much  more  developm(»nt  is  needed  to  give  it  the  assured 
value  which  is  indicated  bv  its  thick  coal.  Shales  of  con- 
siderable  thickness  usuallv  overlie  the  Hazard  coal ;  above 
these  is  a  cliff  making  sandstone  up  to  the  Flag  coal. 
Throughout  the  field  this  Flag  coal  is  the  most  reliable 
in  thickness,  ranging  from  87  inches  of  clean  coal  on  Lost 
creek  to  over  three  feet  as  a  minimum,  and  probably 
averaging  four  to  five  feet.  Openings,  however,  are 
not  so  numerous  anywhere  in  the  field  as  to  warrant  min- 
ing without  closer  investigation  in  each  particular  local- 
ity where*  such  work  may  be  pro[)()sed.  Over  the  Flag 
coal  is  a  hard,  massive  sandstone,  frequently  the  roof  of 
the  1)ed,  which  probably  extends  to  the  next  coal,  about 
50  feet  higher.  Little  is  known  of  this  higher  coal,  as  it 
lies  too  near  the  tops  of  the  hills  to  carry  much  area.    It 
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is  three  to  four  feet  thick  on  Gregory  branch,  and  less 
than  three  feet,  including  a  parting,  on  Yellow  creek  at 
the  only  opening  found  in  condition  to  measure.  In  this 
rej^ort  this  will  be  called  the  '* Francis"  coal.  Next  above 
the  Francis  coal  is  a  hard,  thick  sandstone  which  caps 
the  ridges  over  a  large  part  of  the  field.  The  Hindman 
coal,  because  of  its  great  thickness,  nearly  ten  feet  at  the 
head  of  Irishman  creek,  has  more  local  reputation  than 
development,  being  assumed  to  maintain  that  thickness, 
whereas  at  the  head  of  Lost  creek  it  appears  to  be  but  four 
feet  thick.  Between  Irishman  and  the  head  of  Lot's 
creek  is  the  only  hill  high  enough  to  give  a  workable  area, 
a  large  one  being  needed  for  a  coal  so  difficult  of  access 
as  this.  The  sandstone  directlv  over  this  coal  is  ex- 
tremely  friable  and  makes  a  bad  roof.  It  is  probably  70 
feet  thick,  with  a  hard  cap,  which  gives  rise  to  many  of  the 
peaks  in  the  field.  Strata  above  this  are  to  be  found 
probably  only  between  Irishman  and  Lot's  creeks  and 
have  not  been  investigated. 

Following  is  a  description  in  detail  of  coal  openings 
and  natural  exposures  in  this  region  visited  this  year, 
together  with  references  to  former  information  publish- 
ed. It  includes  all  openings  in  the  field  which  were  in 
condition  for  examination  at  the  time  so  far  as  thev  could 
be  determined,  many  of  them  being  partly  closed.  The 
general  use  of  coal  by  residents  instead  of  wood  as  in 
earlier  years,  has  resulted  in  such  development  of  the 
coal  beds  as  to  render  their  correlation  far  more  reliable 
than  under  former  conditions.  The  description  is  ar- 
ranged in  geographical  order,  beginning  at  the  mouths  of 
the  streams  and  following  each  one  in  succession,  with  its 
tributaries,  to  its  head.  The  terms  left  and  right  are 
used  invariably  as  when  looking  up  stream.  Surface  dis- 
tances, given  in  miles,  are  fairly  accurate  having  been 
measured  generally  on  the  new  maps  whenever  they  were 
available.  Underground  distances,  given  in  yards,  are 
all  by  estimation.  Thickness  of  strata,  given  in  feet,  are 
approximate  only;  given  in  inches  are  exact.  Altitudes 
of  oi)enings  determined  by  barometer  are  still  subject  to 
correction,  usually  but  slightly  so.  When  disagreeing 
mtli  those  given  in  Bulletin  No.  11  of  the  Geological  Sur- 
vey, figures  given  here  take  precedence.  Entries  are 
often  partially  closed  at  the  mouth  by  fallen  earth,  so  that 
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six  inches  to  a  foot  of  water  stands  in  them;  such  are 
designated  here  as  ''wet"  entries.  Names  of  owners 
or  former  owners  of  lands  are  given  preference  to  names 
of  companies  owning  coal,  as  openings  can  be  more 
definitely  located  in  that  wav. 

LOST  CREEK. 

On  the  left  of  Lost  creek,  one-eighth  mile  below 
Cockerel  Fork,  and  again  one-quarter  mile  above  Cock- 
erel, on  the  left  of  a  small  drain,  the  fire-clay  coal  is 
opened  with  the  following  sections: 

Below  Cockerel. 

Sandstone 3  ft. 

Shale  5  ft. 

Coal  25" 

Parting  3" 

Coal  13" 

Altitude,  835. 

Above  Cockerel. 
Shale     and     shaly 

sandstone  10  ft. 

Coal  5" 

Shale  1" 

Coal  18" 

Shale  3" 

Coal  16" 

Parting  4" 

Coal  10" 

Black  slate. 
Altitude,  840. 
Elevation  of  Cockerel  Fork  805 

The  first  was  measnred  at  the  month  of  a  long  entry, 
the  second  at  the  face  one  yard  in.  The  partings  consist 
of  an  indeterminate  rock  apparently  between  a  common 
shale  and  the  characteristic  flint  fire-clay. 

I^p  Cockerel  Fork  the  coal  goes  under  drainage,  but 
up  Lost  creek  it  rises  with  the  stream,  being  25  feet  above 
at  the  mouth  of  Ten  Mile  creek  and  33  inches  thick  there 
without  parting.  The  rider  has  26  inches  of  coal  there. 
The  Haddix  coal,  as  found  directly  opposite  and  200  feet 
higher  than  the  mouth  of  Ten  Mile,  has  the  following 
section : 
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Haddix  Coal. 

Coal  23" 

Shale  4" 

Coal  4" 

Shale  1" 

Coal  2" 

Altitude,  1015. 

Ten  Mile  Creek. 

On  the  right  and  I14  niiles  above  Cockerel  Fork. 
Altitude  at  mouth,  815. 

No  satisfactory  coal  appears  to  have  been  found  on 
this  creek,  those  openings  made  having  all  fallen  in.  On 
the  left  and  over  the  Left  Fork  divide,  however,  is  an 
opening  on  Low  Gap  branch  which  encourages  the  hope 
that  the  bed  has  been  overlooked  here. 

Low  Gap  Branch. 

On  the  right,  SY2  miles  above  Ten  Mile  creek.  Alti- 
tude at  mouth,  860. 

On  the  right  drain  of  the  right  fork  of  this  branch, 
34  mile  from  Lost  creek,  Green  Noble  has  an  opening  in 
the  Hazard  bed  giving  the  following  section : 

Hazard  Coal. 

Sandstone 10  ft. 

Block    coal    13" 

Shale  3" 

Block  coal  1" 

Shale  7" 

Block  coal  31" 

Clay  1" 

Block  coal  20" 

Black  slate. 
Altitude,  1130. 

But  a  few  inches  of  the  bottom  coal  was  seen,  and  its 
20  inches  may  include  a  parting,  there  being  18  inches  of 
water  in  the  entry. 

Collins  Branch. 

On  the  left,  214  miles  above  Ten  Mile  creek. 

The  section  of  the  Collingsworth  opening  on  the 
Flag  coal  is  taken  from  Bulletin  No.  11,  but  with  cor- 
rected elevation. 

geo.  30. 
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Flag  Coal. 
Clay. 

Coal  15" 

Cannel    and    Splint 

coal   18" 

Clay  1" 

Coal  16" 

Clay  1" 

Coal  8" 

Altitude,  1195. 

Fifteen  Mile  Creek. 
Altitude  of  mouth,  910. 

Opposite  the  mouth  of  this  creek  and  ten  feet  above 
it  is  eigtheen  inches  of  coal  under  ten  feet  of  shale  and 
upon  five  feet  of  sandstone.  This  is  probably  the  fire-clay 
coal  rider,  the  main  bed  having  gone  below  the  creek 
about  a  mile  farther  down  stream.  A  quarter  of  a  mile 
up  Fifteen  Mile,  on  the  left  and  a  quarter  of  a  mile  up  a 
left  branch,  the  Hazard  coal  gives  in  a  partly  closed,  wet 
entry,  under  fifteen  feet  of  shale,  six  and  a  half  feet  of 
coal,  including  thin  partings  near  the  top.  Its  altitude  is 
.1,165.  On  the  Combs  and  Horton  tract,  one  mile  up 
Fifteen  Mile,  three  coals  are  shown  as  follows.  Opening 
on  left  by  the  road  and  one-quarter  of  a  mile  up  right 
branch : 

Flag  Coal. 

Shale    5  ft. 

Coal 1" 

Shale  2" 

Coal  61" 

Altitude,  1180. 

Ten  yard  entry  on  left  of  same  branch  and  near  its 
mouth : 

Hazard  Coal. 

Shale  10  ft. 

Coal  6" 

Shale  1" 

Coal  5" 

Shale  1" 

Coal  69" 

Altitude,  1140. 
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The  lower  thirty  inches  is  block  coal  with  plates  of 
splint.  That  these  two  similar  sections  are  on  separate 
beds  is  evident  in  the  passage  from  one  opening  to  the 
other.  In  addition  to  the  shale  roof,  there  is  a  bed  of 
sandstone  between  them.  The  analysis  of  the  Flag  coal, 
taken  from  Bulletin  No.  11,  is : 

Analysis. 

Moisture    2^48 

VolaUle  matter  35.51 

Fixed  carbon  52.43 

Ash 9.58 

Sulphur  1.05 

Phosphorus   0.033 

Specific   gravity    1.337 

Coke  62.01 

Total  carbon   70.95 

B.  T.  U 12,958 

At  the  mouth  of  the  same  branch  the  Haddix  coal, 
or  a  part  of  it,  14  inches  thick,  lies  at  an  altitude  of  1,060. 
From  the  head  of  this  branch,  across  the  divide,  half  a 
mile  down  Grapevine  creek,  on  its  right  and  below  the 
trail  is  a  ten-yard  entry  which  from  its  altitude  is  pre- 
sumed to  be  on  the  Hazard  coal.  Water  in  the  entry  pre- 
vented ascertaining  the  thickness  better  than  is  given 
here  and  may  have  concealed  a  parting  at  the  bottom : 

Hazard  Coal. 

Shale  7  ft. 

Coal  1" 

Shale  1" 

Coal  5" 

Shale  1" 

Coal  6" 

Shale  1" 

Coal  60^'  ' 

Altitude,  1135. 

This  opening  augurs  well  for  continuity  in  thickness 
in  this  direction. 
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Sixteen  Mile  Creek. 

Altitude  of  mouth,  925. 

On  the  right,  half  a  mile  up,  at  water  level  (965)  is 
exposed  two  feet  of  coal  and  shale  at  the  base  of  a  shale 
cliff  about  65  feet  high.  Two  limestone  seams  about  six 
inches  thick  traverse  this  cliff  at  heights  of  35  and  45 
feet.  On  a  left  branch,  I14  miles  up,  a  two-yard  entry, 
fallen  in,  still  shows  somewhat  over  5  feet  of  coal  under 
18  inches  of  coal  and  partings  and  those  under  10  feet  of 
shale.  Its  exact  altitude  is  1,192  and  is  indicative  of  the 
Flag  coal. 

Strong  branch,  on  the  right,  1^/4  miles  up  has  exposed, 
at  its  mouth  (altitude,  995),  30  feet  of  the  shale  in  the 
high  cliff  lower  down  the  creek.  A  mile  up  Strong 
branch,  on  the  right,  beside  the  trail  to  Grapevine  creek, 
a  4-yard  wet  entry  gives  the  following  section : 

Hazard  Coal. 

Sandstone 5  ft. 

Shale  12  ft. 

Coal  2" 

Shale  1" 

Coal  4" 

Shale  3" 

Coal  68" 

Altitude.  1165. 

The  similarity  in  this  vicinity  of  the  Hazard  and 
Flag  coals,  only  40  feet  apart,  makes  correlation  especial- 
ly uncertain  in  isolated  openings.  Altitude  here  is  the 
only  guide  and  that  appears  to  place  this  coal  as  of  the 
Hazard  bed. 

Hiram  branch  is  on  the  left,  two  miles  up  Sixteen 
Mile  creek.  Altitude  of  mouth,  1,060.  On  the  right,  at 
the  mouth  of  Hiram  branch  a  prospect  on  the  Flag  coal 
gives  the  following  section: 

Flag  Coal. 

Sandstone 24" 

Shale  18" 

Coal  1" 

Shale  6" 

Coal  2" 

Shale  3" 

Coal  52" 

Altitude,  1220. 
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In  this  vicinity  there  is  but  little  difference  in  the 
appearance  of  the  Flag  and  Hazard  coals,  each  being  in 
the  main  block  coal  with  more  or  less  splint  coal  inter- 
leaved. In  this  Flag  opening  there  appears  to  be  a  little 
more  splint  coal  than  the  Hazard  bed  has  shown.  An 
opening  on  the  Hazard  bed  at  altitude  1,180,  was  so 
fallen  in  when  visited  that  little  coal  could  be  seen,  but  a 
thick  bed  was  evident.  On  the  left,  at  the  mouth  of  the 
branch,  the  Haddix  coal  appears  to  be  cut  out  by  sand- 
stone which  forms  a  20-foot  cliff  from  the  branch.  In  a 
drain  cutting  into  this  sandstone,  %  mile  up  the  branch, 
is  three  feet  of  alternating  coal  and  sandstone  and  for 
the  next  y^  mile  or  more,  up  to  the  first  left-hand  branch 
and  in  the  point  of  the  hill  beyond,  the  stain  of  the  bed  is 
conspicuous  at  this  level.  On  the  left,  half  a  mile  up,  a 
prospect  five  feet  above  the  branch,  partly  covered,  shows 
some  31/ 2  feet  of  coal  bed  with  one  thin  parting  visible. 
This,  the  Haddix  coal,  at  altitude  1,090,  goes  below  drain- 
age, %  mile  up  the  branch,  having  there  a  black  slate 
floor.  On  the  right,  one  mile  up  and  20  feet  above  the 
branch,  the  Hazard  coal  was  opened  and,  partly  covered, 
still  shows  the  following  section : 

Hazard  Coal. 

Shale. 

Sandstone  2  ft. 

Coal 25" 

Shale  6" 

Coal  48"-|- 

Altitude,  1180. 

It  is  probable  that  the  lower  48  inches  or  more  is  all 
coal,  giving  a  bed  of  somewhat  over  6  feet  of  coal  with 
but  6  inches  of  parting.  On  the  left,  Yg  mile  above  Hiram 
branch  under  6  feet  of  shale  (in  contrast  with  the  ex- 
posure along  Hiram  branch),  the  Haddix  bed  has*  been 
opened  at  altitude,  1,085.  This  opening,  fallen  in,  still 
showed  a  bed  over  5  feet  thick,  including  a  parting  of  5 
or  6  inches  about  18  inches  from  the  bottom.  The  floor 
is  a  black  slate.  This  opening,  as  well  as  those  on  Hiram 
branch,  are  on  Wilson  Campbell's  land.  Coal  of  un- 
known thickness,  reported  taken  from  the  creek,  2i/^ 
miles  up,  altitude  1,120,  is  probably  of  the  Haddix  bed. 


I 


I 
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Low  Gap  Branch. 

On  the  left  of  Lost  creek,  i/4  mile  above  Sixteen  Mile 
creek.    Altitude  of  moutli,  945. 

Shales  are  exposed  on  this  branch  almost  completely 
up  to  the  Haddix  coal,  which  is  opened  in  a  right  drain 
14  niile  up  and  has  about  33  inches  of  coal,  without  part- 
ing, lying  under  25  feet  of  sandstone.    Altitude,  1,035. 

On  the  left  of  Lost  creek,  %  ^il^  above  Sixteen  Mile 
creek,  two  short  entries,  the  higher  one  100  yards  farther 
up  stream  than  the  lower  one,  gave  the  following  sec- 
tions : 

Hazard  Coal. 

Sandstone 6  ft. 

Shale  6  ft. 

Coal  15" 

Shale  1" 

Coal  61" 

Altitude,  1140. 

Haddix  Coal. 

Sandstone  7  ft. 

Coal  39" 

Knife  edge  parting. 

Coal  7" 

Altitude,  1030. 

The  sandstone  over  the  Hazard  bed  is  here  extreinelv 
friable.  These  and  the  next  preceding  Low  Gap  branch 
opening,  are  on  Malilon  Jones'  land.  On  the  right,  one 
mile  above  Sixteen  Mile,  a  prospect  into  the  Hazard 
bed  sliows,  under  5  feet  of  shale,  about  6  feet  total  thick- 
ness, inchiding  9  inches  of  shale  one  inch  from  the  top.  Al- 
titude, 1,155. 

Will  Branch. 

On  the  left,  l^/i  miles  above  Sixteen  Mile  creek. 

A  half  mile  up  this  branch,  on  the  right  fork  and  15 
feet  above  it,  Mahlon  Jones  has  a  10-vard  entrv  into  the 
Haddix  bed  showing  46  inches  of  coal  under  10  feet  of 
Sandstone.  Altitude,  1,075.  This  is  a  hard,  bright,  block 
coal  containing  a  little  splint. 
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Camp  Branch. 

On  the  right,  1%  miles  above  Sixteen  Mile  creek. 
No  coal  in  condition  to  measure  was  found  on  this 
branch,  but  the  following  section  was  obtained: 

Cannel   coal  and   black   slate    (thin) 1320 

Flag  coal   (?)    (prospect)   1210 

Coal  (reported  about  18  inches)   1125 

50-foot  sandstone  1055 

15-foot  sandstone  1035 

The  sandstones  are  exposed  in  the  bed  of  the  branch 
from  1/4  to  i/o  mile  up  it  and  the  coals  have  been  incom- 
pletely opened  on  the  right  i/o  mile  up.  The  place  of 
the  Haddix  coal  appears  to  be  in  the  5-foot  interval  be- 
tween the  two  sandstones,  giving  about  the  usual  interval 
to  the  Flag  coal  at  1,210.  The  18-inch  coal  is  then  prob- 
ably 30  to  40  feet  below  the  Hazard  bed.  The  cannel 
coal  is  in  the  place  of  the  Hindman  bed,  as  it  has  been 
developed  farther  east,  but  there  have  been  no  indications 
there  of  either  cannel  or  slate.  On  the  right  of  Lost  creek, 
above  Camp  branch,  the  Haddix  coal  has  been  opened 
but  has  been  entirely  covered  again.  Apparently  a  thick 
coal  was  found.    Its  altitude  is  1,050. 

Bowman  Branch. 

On  the  left,  2  miles  above  Sixteen  Mile  vreek. 

On  the  left,  %  niil^  ^P  this  branch,  N.  Combs  has  a 
prospect  into  the  Haddix  bed,  giving  nearly  or  quite  60 
inches  of  clean  coal  at  altitude  1,070.  Five  feet  of  shale 
covers  this  coal  wdtli  15  feet  of  sandstone  over  that.  At 
J.  E.  Campbell's,  on  the  left,  2i/4  iniles  above  Sixteen 
Mile  and  i/4  ^^il^  below  Rock  Fork,  an  entry  is  driven 
into  the  Haddix  coal  at  altitude  1,070,  which  gives  at  its 
mouth  64  inches  of  coal,  but  10  vards  in  a  roll  has  cut  it 
down  to  40  inches.  The  entry  was  then  driven  to  the 
left  alongside  the  roll  for  about  20  yards  and  continued 
in  thick  coal,  56  inches  at  the  face.  The  parting  seen  on 
an  earlier  visit  is  not  continuous.  The  coal  is  a  fine, 
hard,  bright  block.    Analysis  (from  Bulletin  No.  11)  is: 


936  First  Annual  Report 

Haddix  Coal. 

Moisture 2.09 

Volatile  matter 38.61 

Fixed  carbon  54.21 

Ash  5.09 

Sulphur  0.83 

Phosphorus 0.007 

Coke   59.30 

Specific  gravity 1.297 

Fixed   carbon   74.24 

B.  T.  U 14,018 

Attention  is  called  here  to  the  two  openings  on  Tom's 
branch  at  Troiibesome  creek,  only  a  half  mile  to  the  north 
and  given  in  Bulletin  No.  11,  page  52,  where  the  two 
coals  shown  as  Flag  and  Hazard,  should  be  Hazard  and 
Haddix  at  altitudes  1,190  and  1,090  instead  of  as  there 
given. 

Rock  Fork. 

21/4  miles  above  Sixteen  Mile  Creek. 
Altitude  of  mouth,  1,040. 
In  the  cliff  on  the  left  at  the  mouth  of  this  fork  and 
30  feet  above  it,  a  thin  coal  was  reported  found  which  is 
evidently  the  Haddix,  indicating  that  the  roll  found  in 
the  Campbell  entry  continues  indefinitely  up  Lost  creek. 
On  the  left,  at  the  head  of  Rock  Fork  and  %  mile  up,  a 
prospect  on  Dr.  Jones'  land  gives: 

Flag  Coal. 

Shale  5  ft. 

Coal   8" 

Shale  2" 

Coal  71" 

Altitude,  1240. 

This  is  a  block  coal,  the  lower  30  inches  hard. 

Considerable  j^rospecting  appears  to  have  been  done 
above  Rock  Fork  in  search  for  the  Hazard  coal,  under  the 
supposition  that  it  might  rise  with  or  faster  than  Lost 
creek,  but  w^ithout  success.  The  coal  is  apparently  com- 
pletely cut  out  by  sandstone  a  quarter  of  a  mile  above 
Rock  Fork  and  is  certainly  under  drainage  at  the  mouth 
of  Laurel  Fork. 
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Laurel  Fork. 

On  the  right,  one  mile  above  Eock  Fork. 

Altitude  of  mouth,  1,110. 

Massive  and  thin-bedded  sandstones  are  exposed 
along  this  branch  with  little  break  to  the  Hazard  coal, 
but  at  the  mouth  of  a  branch  %  mile  up  the  following 
intervenes : 

Sandstone. 

Shale  5  ft. 

Coal  3" 

Fire-clay  2  ft. 

Altitude,  1135. 

At  the  forks  of  the  creek,  a  mile  up,  is  22  inches  of 
coal  under  8  feet  of  shale — the  Hazard  bed  or  part  of  it, 
at  altitude  1,170.  On  the  left,  a  quarter  mile  up  the  right 
fork  and  10  feet  above  it,  an  incomplete  prospect  in  a 
broken  hillside  gives  the  following  in  which  the  upper 
bench  of  coal  is  a  squeezed,  shapeless  mass  and  the  lower 
bench,  partly  covered  may  contain  a  parting : 

Flag  Coal. 
Massive  sandstone  ....  5      ft. 

Coal  2%  ft. 

Shale     9       " 

Coal  4      ft. 

Altitude,  1220. 

By  means  of  this  opening  combined  with  those  on  the 
Flag  coal  on  Rock  Fork  and  with  the  Mahlon  Jones  open- 
ing into  the  same  bed,  a  northwest  dip  of  about  50  feet 
per  mile  is  found.  If  the  dip  were  uniform  the  22  inches 
of  coal  at  altitude  1,170  must  be  at  about  1,155  at  the 
mouth  of  Laurel  branch,  giving  strata  practically  level 
to  the  coal  next  mentioned  up  Lost  creek,  but 
with  their  depression  here  as  usual  along  the  main 
streams,  there  still  remains  a  slight  rise  of  strata  up  Lost 
creek  which  continues  to  its  head.  On  the  right,  two 
miles  above  Rock  Fork,  at  Robert  Combs'  (formerly 
Fish  Napier's)  on  the  right  of  the  hollow,  the  stain  of 
the  Hazard  bed  shows,  unfavorably,  under  five  feet  of 
shale  at  altitude  1,185  and  a  new  3-yard  entry  into  the 
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Flag  coal  gives  48  inches  of  coal  under  10  feet  of  sand- 
stone.   Altitude,  1,240. 

On  the  left,  2yo  miles  above  Rock  Fork  and  by  the 
road  ascending  the  hill  at  the  head  of  Lost  creek,  is  an 
exposure  which,  combined  with  an  opening  beyond,  be- 
low the  road,  gives  the  following: 

Flag  Coal. 

Sandstone 8      ft. 

Coal  34     " 

Hard   parting  14" 

Coal  19     " 

Altitude.  1245. 
Interval  (shaly  S.  S.) 

Sandstone 5  ft. 

Shale  5  ft. 

Coal  7" 

Shale  3  ft. 

Altitude,  1215. 

It  appears  tliat  tlie  Hazard  bed  is  reduced  on  Laurel 
Fork  to  22  inches  and  to  7  inches  hero,  but  it  is  not  im- 
possible tliat  the  seam  splits  and  this  thin  seam  represents 
only  a  part  of  the  bed  and  that  the  main  body  of  the 
coal  is  a  few  feet  below. 

A  rej^orted  48  inches  of  fine  coal  on  the  level  of  the 
gap  to  Tjot's  creek  and  150  yards  to  the  right  of  it,  at 
altitude  1,405,  is  of  the  Ilindman  bed  unless  the  anticline 
here  is  sharper  than  supj)osed  and  the  next  bed  below  is 
brought  up  to  this  level. 

LOT'S  CREEK. 

The  altitude  of  the  mouth  of  this  creek  is  about  820, 
the  highway  bridge  there  being  842.  Heavy  sandstone 
underlving  the  Fir(»-clav  coal  makes  a  rockhouse  into 
wiiicli  the  highway  goes  just  above  the  mouth  of  the  creek, 
about  6  inches  of  coal  at  altitude  835  (probably  an  off- 
shoot from  the  Whitesburg  coal),  showing  at  the  base  of 
the  cliff.  Farther  up  the  creek  the  road  rises  to  the  top 
of  that  sandstone  and  the  stain  of  the  Fire-clay  bed  is  vis- 
ible in  several  places  and  the  sandstone  above  it  has  be- 
come shaly  giving  place  almost  altogether  to  shale  farther 
up  the  stream.    An  opening  into  this  bed  on  the  Helen 
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Combs  branch,  is  taken  from  Bulletin  No.  11  with  cor- 
rected altitude — 

Fire-clay  Coa.1. 

Sandstone 20  ft. 

Shale  or  S.  S 18" 

Coal  37" 

Altitude,  890. 

Trace  Fork. 

On  the  right,  one  mile  up  Lot's  creek. 
The  Holliday  entry  on  the  fire-clay  coal  shows  41 
inches  of  coal  with  one  inch  parting  three  inches  from 
the  top  at  altitude  890.  The  Fire-clay  bed  goes  below 
drainage,  14  ^^^  above  Jake  Fork  about  where  two 
inches  of  coal,  a  remnant  possibly  of  its  rider,  shows  on 
the  right  under  20  feet  of  sandstone  and  above  4  feet  of 
shale. 

Lost  Creek,  Road  Fork. 

On  the  left  of  Trace  Fork  and  one  mile  up  it. 

On  the  right,  a  mile  up  this  fork,  the  Haddix  coal  is 
opened  in  a  long  rockhouse  and  also  beside  its  eastern 
end.  From  these  places  the  following  measurements 
were  obtained: 

Under  Cliff. 
Coal 38" 

Coal  -  3" 

Shale 3" 

Coal  16" 

10  Yards  East. 

Coal  34" 

Shale  11" 

Coal  19" 

Altitude,  1160. 

The  identity  in  thickness  of  the  two  coal  seams  of 
this  eastern  section  with  those  of  the  Flag  coal  at  the 
head  of  Lost  creek,  would  ordinarily  lead  to  their  cor^ 
relation,  but  there  is  no  other  reason  for  supposing  such 
an  extreme  reversal  through  Lost  mountain,  of  the  gen- 
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•      ■«  • 
Oral  dip  as  that  would  entail.  Even  assuming  the  opening 

to  be  of  the  Haddix  bed  (which  is  done  with  confidence) 
and  the  fire-clay  coal  to  be  200  feet  under  it,  a  slight  dip 
down  stream  and  against  the  general  dip  is  involved. 
Following  the  road  up  from  this  coal  the  bench  of  the 
Hazard  coal  is  very  evident  at  altitude  1,245  and  35  feet 
of  sandstone  above  the  Flag  coal  at  altitude  1,300.  Forty 
feet  more  of  sandstone  shows  from  1,365  to  the  gap  at 
1,406  wiiere  the  Hindman  coal  should  be  found :  30  feet 
above  the  gap  some  40  to  50  feet  of  sandstone  cliflFs  ap- 
pear. 

Pkjeon  Roost  Road  Fork. 

On  the  right  of  the  Lost  Creek  Road  Fork,  %  ^^^  ^^P 

from  Trace  Fork. 

In  the  point  of  a  hill  where  it  is  likely  coal  in  a 
normal  condition  could  not  be  found,  a  quarter  mile  up 
this  fork,  an  old  prospect  and  exposure  under  it  gives — 

Sandstone 2  ft. 

Coal  15" 

Shale  1" 

Coal  15"— Hadilix  Coal. 

Shale  10" 

Coal  24"  (possible) 

Altitude,    1,115. 

Covered  40  ft. 

Shale  30  ft. 

Blac    Slate    6" 

Fire  clay 18" 

Altitude,    1,045. 

By  the  road,  %  mile  up,  a  foot  of  coal  and  shale  and 
a  10-foot  sandstone  cl!f(  appears  to  represent  at  least  a 
part  of  the  Haddix  bed  at  altitude  1,130.  In  a  branch  on 
the  right,  %  mile  up,  thin  bedded  standstone  occupies  the 
apparent  place  of  the  Haddix  bed  at  1,125  to  1,130  and 
35  feet  of  massive  sandstone  lies  directly  on  that,  but  an 
error  in  heights  is  possible  or  the  coal  may  have  dipped 
below  the  sandstone.  A  quarter  mile  up  and  in  the 
branch,  coal  reported  23  inches  thick  has  been  opened. 
Near  by,  on  the  head  of  Trace  Fork,  this  coal  lies  55  feet 
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above  the  Haddix  bed.  On  the  left  of  the  road,  a  few 
yards  up  from  the  foot  of  the  hill  and  one  mile  from  the 
Lost  creek  road  is — 

Flag  Coal. 
Massive  sandstone  ....  5  ft. 

Shale   10   ft. 

Hard,  block  coal  46" 

Altitude,  1,260. 

To  the  excellent  showing  of  coals  on  Pigeon  Roost 
branch  of  Troublesome  creek  as  given  in  Bulletin  No.  11, 
page  56,  can  be  added  the  William  Brewer  opening,  on 
the  right,  at  the  head  of  Pigeon  Roost  branch, 

Flag  Coal. 
Sandstone  and  shale..  5  ft. 

Shale  5  ft. 

Coal  32" 

Hard     parting     with 

coal  6  to  9" 

Shale  6" 

Coal  9" 

Shale 7" 

Coal  5" 

Altitude,   1,270. 

showing  that  full  dependence  on  thick,  clean  coal  is 
not  justified  in  this  as  in  other  beds  without  thorough  ex- 
ploitation. At  water  level,  %  mile  up  from  the  Lost  creek 
road  and  two  miles  from  Trace  Fork  the  following  sec- 
tion is  exposed: 

Sandstone  5  ft. 

Shale 15  ft. 

Black   slate   6" 

Coal  1" 

Shale  1  ft. 

San'dstone 2  ft. 

Altitude,    1,030. 

On  the  left  at  this  point  is  a  prospect  into  the  Flag 
coal  which  is  remarkably  similar  to  the  one  given  above 
on  Pigeon  Roost  branch — 


i 
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Flag   Coal. 

Sandstone  3  ft. 

Coal  34" 

Black  slate  12" 

Shale   5" 

Coal  11" 

Shale   2" 

Coal    4" 

Altitude,   1,310. 

On  the  left,  %  mile  farther  up,  is  an  opening  now 
closed,  into  the  Haddix  bed  at  altitude  1,150.  This  was 
given  in  Bulletin  No.  11  as  ''Hazard.^'    The  section  is : 

Haddix  Coal. 

Shale  5  ft. 

Coal  11" 

Shale  13" 

Coal  38" 

Altitude,   1,150. 

Opposite  this,  on  the  right  of  Trace  Fork,  the  Hazard 
coal  is  now  open  in  a  20-yard  entry  as  follows : 

Hazard  Coal. 

Shaly  sandstone  3  ft. 

Shale  2  ft. 

Coal .53" 

Altitude,  1,250. 

Between  the  Haddix  and  Hazard  beds  is  here  re- 
ported a  coal  18  inches  thick  at  altitude  1,205.  These 
Trace  Fork  openings  are  on  land  of  Charles  Godsey. 

Jake  Fork. 

On  the  right,  one  mile  up  Trace  Fork. 
Altitude  of  mouth,  880. 

The  Fire-clay  coal,  lying  nearly  level,  goes  under  this 
stream  about  ^4  ^il^  ^P  it  and  beyond  this  the  shales  of 
the  high  cliff  on  Fifteen  Mile  creek  of  Lost  creek  are 
recognized,  but  with  some  variations.  At  water  level,  % 
mile  up,  is  five  feet  or  more  of  black  slate,  altitude  920, 
and  1^4  niiles  up  the  following  section  with  base  at  the 
creek — 
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Sandstone  15  ft. 

Shale  , 18" 

Coal  6" 

Fire  clay  2%  ft. 

Shale  5  ft. 

Altitude,   940. 

One-eighth  mile  farther  up  three  thin  coals  appear 
in  the  10  feet  of  shale  under  the  sandstone. 

Sang  Fork. 

On  the  left,  IVo  miles  up  Jake  Fork. 
On  right,  %  mile  up,  a  wet  entry  gives  at  its  mouth 
47  inches  of  coal  under  5  feet  of  sandstone  at  altitude 
1,220.  The  under  surface  of  the  sandstone  undulates  in 
slight  curves,  the  top  of  the  coal  apparently  conform- 
ing to  this  uneven  surface.  On  the  left  of  Jake  Fork,  a 
quarter  of  a  mile  above  Sang  Fork  and  the  same  distance 
due  south  of  the  preceding  entry,  the  same  bed  at  the 
same  height,  has  50  inches  of  coal,  the  lower  20  inches 
particularly  bright,  rich  looking  and  hard.  Thirty  feet 
below  both  of  these  openings  is  a  prominent  bench,  al- 
titude 1,190,  indicative  of  the  Hazard  coal  and  the  coal 
at  1,220  the  Flag,  but  if  such  were  the  case,  the  strata 
must  rise  at  a  rate  of  about  80  feet  to  the  mile  both  west- 
ward and  eastward,  the  Flag  coal  on  main  Trace  Fork 
and  Jake  Fork,  presently  to  be  noted,  requiring  such 
rise;  moreover  these  two  latter  openings  are  alike  in 
section  but  differ  materially  from  the  two  intermediate 
ones  in  line  with  them.  A  similar  objection  applies, 
though  in  less  degree,  to  the  assumption  that  the  two 
openings  at  altitude  1,220  are  of  the  Hazard  bed  and  the 
broad  bench  30  feet  under  the  Hazard  is  out  of  place. 
As  the  Haddix  bed,  the  objection  as  to  dip  applies,  but  in 
reverse  direction,  and  the  l3encli  is  still  more  out  of  place. 
The  conclusion  is  then  forced  that  this  bed  lies  between 
tlie  Haddix  and  Hazard,  heretofore  unknown  as  work- 
able, and  grown  from  the  18  and  23  inches  on  the  Trace 
Fork  on  the  west  and  the  3  inches  of  Laurel  Fork  of 
Lost  creek.  With  this  the  case,  the  bench  marks  the  close 
proximity  of  the  Hazard  bed  and  the  fire-clay  coal  must 
lie  for  a  mile  down  stream  at  or  within  a  very  few  feet 
of  the  level  of  Jake  Fork.    Additional  reason  for  this 
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correlation  is  found  on  Young  Fork,  this  bed  being  given 
here  the  name  of  ''Young"  in  consequence.  If  this  de- 
duction is  true,  there  is  a  line  of  strD^e  from  the  Trace 
Fork  openings  to  near  the  head  of  Jake  Fork  almost  at 
right  angles  to  the  normal  strike  of  the  North  Fork  field. 
On  the  right  of  a  right  branch,  2i/2  miles  up  Jake 
Fork,  Noah  Smith  has  an  abandoned  entry  in  which  l^/^ 
feet  of  coal  could  be  seen ;  the  bed  is  probably  4  feet  or 
more  thick,  under  5  feet  of  shale  and  shaly  sandstone. 
It  is  the  Haddix  coal  at  altitude  1,160.  On  the  same  land, 
%  mile  farther  up  Jake  Fork,  a  7-yard  entry  gives  the 
following : 

Flag  Coal 

Sandstone  4  ft. 

Coal  21" 

Blackjack  3" 

Shale 3" 

Coal  13" 

Altitude,    1,300. 

On  the  point  of  the  spur  between  these  two  Smith 
openings  an  uprooted  tree  has  exposed  an  abundant  stain 
of  the  Hazard  bed  at  altitude  1,255.  Going  up  the  left 
fork  from  the  Smith  openings,  strata  are  seen  to  rise  with 
unusual  rapidity,  faster  than  the  rise  of  the  creek,  and 
shales  continue  conspicuous.  At  2%  miles  up,  on  the 
right  of  the  upper  left  fork,  a  covered  prospect  gives 
coal  at  altitude  1,145  with  5  feet  of  sandstone  10  feet 
above  the  bottom  of  the  cut  and  20  feet  of  shale  below  it  to 
near  drainage  level.  On  the  left,  at  the  head  of  this  fork, 
3  miles  up,  a  closed  opening  shows  a  coal  bed  4^/2  to  5  feet 
thick  under  10  feet  of  shales.  This  is  said  to  have  been 
recognized  as  of  the  Flag  bed  although  its  altitude,  1,405, 
is  above  even  that  which  the  observed  rise  of  the  strata 
along  the  creek  leads  one  to  expect,  involving  a  rate 
from  the  Smith  opening  of  about  200  feet  per  mile.  As- 
suming it  to  be  the  Flag  bed,  the  high  hill  in  which  it  is 
opened  appears  to  be  a  center  from  which  strata  dip  in 
all  directions.  On  the  left,  at  the  mouth  of  a  branch  of 
Lot's  creek  opposite  Trace  Fork,  the  Fire-clay  coal  is 
opened  32  inches  thick  with  4  inches  of  shale  under  sand- 
stone above  it,  altitude  885.    On  the  left,  by  the  road, 
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a  quarter  mile  above  Trace  Fork,  the  following  section 
was  taken : 

Fire   Clay   Coal. 

Massive   sandstone 20  ft. 

Shale,  containing  coal..  2  ft. 

Shale  2  ft. 

Coal  36" 

On  the  right,  l^i  miles  above  Trace  Fork,  a  12-yard 
entry  into  the  Fire-clay  coal  gives  a  thickness  of  coal  of 
38  inches  at  (exact)  altitude  889.  For  other  openings 
into  this  and  its  rider  along  this  creek,  reference  is  made 
to  Bulletin  No.  11,  pages  93  and  94.  Under  the  D.  Grigs- 
by  opening  is  20  feet  of  thin  bedded  sandstone,  then  10 
feet  of  shale  on  one  foot  of  coal,  then  3  feet  of  massive 
sandstone  to  the  creek.  This  coal  dips  into  the  creek  10 
yards  down  it.  The  upper  opening,  on  the  right,  2i/<> 
miles  up,  has  now  a  long  exposure  above  the  creek  from 
which  the  following  section  was  obtained,  except  that, 
the  cannel  coal  being  now  covered,  its  earlier  measure- 
ment is  repeated. 


Rider 


Fire  Clay  Coal. 


Massive   sandstone.. ..15  ft. 

Coal  .'.  .25" 

Shale    8" 

Coal    25" 

Shale    10  ft. 

Stodstone    0  to  5  ft. 

fCoal    24" 

Slate   2" 

Cannel    coal    -22" 

Altitude.   900. 


On  the  left,  about  two  miles  above  Trace  Fork,  the 
Hazard  bed  with  3-inch  parting  separating  two  seams  of 
coal  each  22  inches  thick,  lies  at  altitude  1,185.  On  the 
left,  opposite  the  mouth  of  Elk  Fork,  4%  miles  above 
Trace  Fork,  the  following  section  is  exposed: 
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Massive   sandstone....l5  ft. 

Coal. 

Interval    10  ft. 

Thin  coal. 

Parting  1  ft. 

Thin  coal. 

Interval 20  ft. 

Sandstone    5  ft. 

Coal    27" 

Shale    and    S.    S.    to 

creek    20  ft. 

Altitude,  965. 

Whether  the  27  inches  of  coal  is  of  the  Fire-clay  bed 
or  its  rider,  is  doubtful,  but  the  probability  seems  to  be 
that  both  beds  are  represented  in  the  several  coals  shown. 

Elk  Fork. 

On  the  riglit,  4^/>  miles  above  Trace  Fork. 
Altitude  of  mouth,  945. 

Nothing  new  has  been  found  on  this  fork,  but  the  54 
inches  of  clean  coal  on  the  upper  right  fork  given  in 
Bulletin  No.  11,  page  95,  is  evidently  under  later  develop- 
ments, too  high  for  the  Hazard  bed  and  is  of  the  Flag 
bed.    Its  correct  altitude  is  1,325. 

Clear  Fork. 

On  the  left,  5  miles  above  Trace  Fork. 

On  a  branch  on  the  left,  %  mile  up  Clear  Fork,  on 
the  loft,  1/4  mile  up  it,  Sylvester  Grigsby  has  an  entry 
into  the  Flag  coal  at  altitude  1,305,  giving  58  inches  of 
clean  coal  under  15  feet  of  sandstone — the  lower  third 
thin  bedded.  This  is  on  a  good  bench  and  the  top  of  the 
cliff  rock  on  w^hich  is  the  Hazard  bed,  shows  40  feet  be- 
low. On  the  left  of  Clear  Fork,  1%  miles  up  it,  Waslj- 
ington  Martin  has  a  5-yard  entry  into  the  Flag  coal  at 
altitude  1,270,  the  coal  having  10  feet  of  sandstone  above 
it,  is  60  inches  thick,  the  top  4  inches  rather  shelly,  the 
rest  good  block  coal,  the  under  half  hard.  A  broad  bench 
lies  about  40  feet  below.  On  the  right  of  a  left  branch, 
V/2  miles  up  Clear  Fork  and  y^  mile  up  the  branch,  an 
old  prospect  into  the  Hazard  bed  on  this  same  broad 
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bench  at  altitude  1,220,  found  evidently  only  thin  coal, 
now  covered.  On  the  right,  14  ^^^  ^V  the  branch,  Wash- 
ington Martin  has  a  4-yard  entry  with  60  inches  of  coal 
which  has  here  as  roof  8  feet  of  clay  shale  in  place  of 
sandstone.  On  the  right  of  a  left  branch,  1%  miles  up 
Clear  Fork  and  on  the  left  of  a  left  branch  100  yards  be- 
yond, Benjamin  Stacey  has  10-yard  and  6-yard  entries 
with  the  following  sections : 

Flag  Coal. 

Shale 3  ft. 

Massive  sandstone  ..  2  ft. 

Coal  63" 

Bituminous    shale V 

Altitude,   1,310. 

Shale   8  ft. 

Coal    20" 

Mother  coal %" 

Coal    46" 

Altitude,   1,315. 

A  20-foot  cliff  is  prominent  about  40  feet  above  this 
bed  which  lies  here  15  to  20  feet  above  a  bench. 

On  the  left,  by  the  road,  a  half  mile  above  Clear 
Fork,  the  highest  coal  of  those  shown  opposite  the  mouth 
of  Elk  Fork,  60  feet  above  it,  has  2  feet  of  coal  includ- 
ing two  thin  partings,  under  5  feet  of  sandstone.  On  a 
right  branch  a  mile  above  Clear  Fork,  a  flag  stone  quarry 
on  the  left  at  the  mouth  of  the  branch,  lies  at  altitude 
1,185,  while  farther  up  the  branch  a  bench  at  1,205  marks 
the  place  of  the  Haddix  coal.  A  second  bench  and  spring 
by  the  path  beyond,  seem  to  show  the  location  of  the  bed 
between  the  Haddix  and  Hazard  at  altitude  1,270.  At 
the  branch  a  half  mile  up  it  the  following  is  opened  in  a 
10-yard  entry: 

Flag  Coal. 

Sandstone   ..  — - 15  ft. 

Shelly  coal  3" 

Rich  block  coal 23" 

Hard  block  coal 30" 

Slaty  coal     6" 

Altitude,    1,345. 
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Besides  these  variations  in  the  coal  there  is  from  0 
to  6  inches  of  slaty  coal  2  feet  up  from  the  bottom. 

On  the  left  of  a  right  hollow  just  below  Cordia  P.  O., 
1%  miles  above  Clear  Fork,  B.  W.  Combs  has  an  8-yard 
wet  entry  into  the  Flag  bed  at  altitude  1,390,  giving  53 
inches  of  coal  under  2  feet  of  massive  sandstone  w^ith 
thinner  bedded  sandstone  above.  On  the  way  to  this  entry 
an  uprooted  tree  showed  a  considerable  stain  of  the 
Hazard  bed  at  1,345.  On  the  point  of  the  hill  to  the  left 
by  the  Combs  house,  the  following  section  was  obtained: 

Bench   1,150 

Shaly  sandstone... (5  feet) 1,13.5 

Mostly  shaly  sandstone. 

Thin  coal  stain 1,105 

Mostly  shaly  sandstone  with  iron  ore. 

Black   slate 1,090 

Shaly  sandstone. 

Bastard  limestone  (1  foot) 

Thin    coal    1,060 

Shaly  S.  S.  and  shale. 

Coal,  reported   20"   ...1,035 

Shale  (a  feet) 

Coal,   reported   20" 1,025 

STiale  (7  feet) 

Coat,   reported  30"   1,015 

Fire  clay (3  feet) 

Creek  at  Cordia 995 

The  three  lower  coals  probably  represent  again  the 
fire-clav  coal  and  its  rider. 

Dickson  Branch. 
On  the  right,  VU  mile  above  Cordia. 

On  the  left  of  the  branch,  y^  mile  up  it  and  15  feet 
above  it,  a  two-yard  entry  into  what  is  probably  the  upper 
seam  of  the  rider,  gives  31  inches  of  coal  at  altitude  1,050, 
covered  by  4  feet  of  shale  with  calcareous  concretions 
under  10  feet  of  shaly  sandstone.  At  the  branch,  % 
mile  up,  is  the  following: 
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Black  slate  10  ft. 

Coal    8" 

Shale   5  ft. 

Coal. 

Shale    with    coal 10  ft 

Shale  to  creek  at 
1.100  15  ft. 

Such  a  thickness  of  black  slate  as  is  exposed  at  the 
top  seems  to  be  entirely  out  of  place,  but  it  is  at  a  level 
where  exposures  are  few.  Above  this  section,  on  the 
left,  Alexander  Smith  has  a  four-yard  wet  entry  into  the 
Flag  coal  at  altitude  1,385.  There  is  somewhat  over  4l^ 
feet  of  coal  here,  the  bottom  half  a  hard  block  with  a 
streak  of  bony  coal  on  top  of  it.  The  roof  is  a  waving 
sandstone  with  shale  filling  the  rolls  so  that  the  coal  has 
a  level  top,  differing  in  that  respect  from  the  Sang  Fork 
of  Jake  Fork  coal.  A  bench  lies  about  60  feet  below  this 
coal.  Coal  18  inches  thick  containing  considerable 
I)yrites,  is  reported  to  have  been  taken  from  the  creek,  i/^ 
mile  below  Ehe  P.  0.,  at  the  junction  of  Young's  and 
Kelly  Fork.  It  is  jjrobably  the  middle  one  of  the  three 
seams  at  Cordia  and  the  main  Fire-clay  coal  may  be  as- 
sumed to  lie  at  Ehe  at  altitude  1,050,  10  feet  under  the 
creek. 

Young's  Fork. 

On  the  left,  3-)4  miles  above  Clear  Fork. 
Altitude  of  mouth,  1,060. 

On  the  left,  14  ^^^^^  ^U^  this  fork,  the  upper  one  of  the 
three  rider  seams  is  but  just  above  the  creek,  26  inches 
of  coal  at  altitude  1,075,  lying  on  black  slate  and  under  8 
feet  of  shale  covered  by  25  feet  of  sandstone  and  shale. 

Buck  Branch. 

On  the  left,  i/o  mile  above  Ehe. 

At  the  branch,  %  mile  up  it.  Mansard  Young  has  an 
opening  into  the  Flag  coal  at  altitude  1,385,  reported  to 
be  4i/>  feet  thick  without  parting.  The  3  feet  of  coal 
visible  when  visited  has  2  inches  of  bone  coal  6  inches 
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from  the  top.  Upon  the  coal  is  6  feet  of  shaly  sandstone 
and  then  20  feet  of  massive  sandstone.. 

On  the  right  of  the  left  branch  which  the  road  to 
Beaver  creek  follows,  2  miles  from  Ehe  and  %  mile  up 
the  branch,  Reese  Young  has  a  12-yard  entry  with  the 
following  section: 

Flag  Coal. 
Massive   sandstone....lO  ft. 

Covered  15  ft. 

Sandstone  roof. 

Coal  3" 

Bony    coal    4" 

Coal    6" 

Hard,    block    coal 38" 

Altitude,  1,420. 

The  bony  coal  is  dull  black  and  heavy,  but  gives  a 
black  streak  and  is  said  to  burn  to  fine  ash,  but  the  next 
Flag  coal  opening  shows  an  impending  parting  here. 
From  the  right  branch,  a  quarter  mile  up  from  the 
Beaver  creek  road,  and  again  2  miles  from  Ehe  on  John 
Young  land,  coal  has  been  raised  from  the  creek  said  to 
be  3  feet  or  more  thick,  half  as  much  being  in  sight  when 
visited.  Its  altitude  is  1,340.  At  a  point  5  feet  lower 
in  the  branch  a  part  of  the  bed  has  broken  off  and  lies 
at  a  steep  pitch  showing  about  2  feet  of  coal,  with  possibly 
more  washed  away  and  with  black  slate  and  shale  under 
it  which  seems  to  correspond  with  a  parting  in  the  bed 
on  Elk  Lick  Fork  and  is  probably  one  here.  Up  the 
steep  branch,  at  altitude  1,370,  is  an  old  prospect  into 
coal  said  to  be  thin,  under  a  20-foot  cliif  mak- 
ing sandstone.  On  this  sandstone  which  gives  rise  to  a 
broad  bench  here  at  altitude  1,390  is  the  place  of  the  Haz- 
ard coal.  The  Flag  coal  is  opened  in  an  entry  directly  to 
the  left  of  the  coal  in  the  creek,  nearly  vertically  over  it, 
and  with  the  following  section: 

Flag   Coal. 

Sandstone    8  ft. 

Block  coal  14" 

Shale  13" 

Block  coal  44" 

Black  slate. 

Altitude,  1,440. 
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An  inch  of  coal  2  inches  from  the  top  is  slightly 
bony.  The  interval  between  the  upper  and  lower  of  these 
John  Young  coals  corresponds  with  that  found  between 
the  Haddix  and  Hazard  beds  elsewhere  and  no  other 
thick  coals  have  been  found  heretofore  in  this  region  100 
feet  apart.  The  inference  however,  that  these  openings 
are  of  the  Haddix  and  Hazard  beds  is  over-weighted  by 
the  several  openings  from  the  indisputable  Flag  coal  at 
Cordia  to  the  upper  opening  here,  to  which  may  be  added 
the  Clear  Fork  openings,  resemblance  being  too  marked 
to  warrant  other  correlation.  Cliffs  and  benches  are  un- 
certain guides,  yet  in  this  case,  if  any,  they  may  be  taken 
as  assurance  that  the  upper  opening  is  of  the  Flag  coal. 
The  lower  opening  then,  unless  there  has  been  such  a 
change  of  interval  as  may  be  regarded  as  out  of  the  ques- 
tion, is  half  way  between  the  Haddix  and  Hazard  beds 
corresponding  with  the  Sang  Fork  of  Jake  Fork  coal  if 
the  deduction  advanced  as  to  that  correlation  is  correct. 
The  bed  is  more  fully  developed  in  the  next  description 
and  may  appropriately  be  called  the  ** Young''  coal. 

Elk  Lick  Fork. 

On  the  right,  I14  miles  up  Young  Fork. 
Altitude  of  mouth,  1,140. 

On  the  right,  %  ^^lil^  ^^P  this  fork,  the  20-foot  sand- 
stone cliff  shows  again  at  altitude  1,345  to  1,365.  A  mile 
up,  at  AVilliam  Young's,  the  Young  bed  has  the  following 
section,  as  measured  along  the  creek  bed  where  it  is  al- 
most fully  exposed : 

Young   Coal. 

Shaly   sandstone. 

Coal  31" 

Black   slate   4" 

Shale  6" 

Black    slate    2" 

Clay    - 2" 

Coal  14" 

Altitude,   1,325. 

The  thickness  given  of  each  coal  may  be  slightly  in 
error. 
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Kelly  Fork. 

On  the  right  at  Ehe,  3%  miles  above  Clear  Fork. 

Apparently  the  upper  of  the  three  Fire-clay  coals 
goes  below  drainage,  i/4  mile  up  this  fork,  where  it  shows 
a  foot  thick  with  no  bottom  found:  Altitude  1,075.  At 
Thomas  Kelly's,  a  mile  up,  thin  coals  appear  at  altitudes 
1,185  (above  his  house)  and  1,200  under  his  flagstone 
quarry,  which  latter  is  at  1,255,  with  shales  and  shaly 
sandstones  between.  The  quarry  is  probably  close  under 
the  Haddix  coal  as  on  the  branch  below  Cordia.  On  the 
right,  V/s  miles  up,  Benjamin  Everidge  has  opened  the 
Young  bed  about  at  the  same  level  as  it  was  found  on 
Elk  Lick  Fork,  wdth  following  section: 

Young  Coal. 

Sandstone  5  ft. 

Shale 5  ft. 

Hard,   block   coal    ...29" 

Shale  3" 

Coal    1" 

Shale  1" 

Very  hard,  block  coal..  7" 

Altitude,   1,325. 

This  opening  is  on  a  broad  bench;  the  height  and 
character  of  the  bed  are  the  main  factors  in  the  cor- 
relation. 

Asuming  the  Fire-clay  coal  to  be  at  altitude  1,050  at 
Ehe  and  to  rise  uniformly  to  its  upper  opening  on  Trace 
Fork  of  Irishman  creek,  it  should  be  at  altitude  1,065 
at  this  opening,  and  on  this  supposition  the  opening 
might  be  of  either  the  Young  or  Hazard  bed,  but  the 
findings  on  the  head  of  Yellow  creek,  a  half  mile  south, 
lead  to  the  conclusion  that  there  is  an  anticline  between 
Kelly  Fork  and  Carr  Fork  waters,  slight  at  the  head  of 
Irishman  creek,  but  with  crest  running  nearly  level  along 
the  dividing  ridge,  amounting  to  100  feet  rise  at  the  head 
of  Yellow  creek.  This  makes  a  rather  rapid  rise  of  strata 
toward  Yellow  creek  and  also  puts  the  fire-clay  coal 
nearer  to  the  Everidge  opening  than  if  the  rate  were 
uniform  to  Irishman  creek  and  the  opening  is  therefore 
concluded  to  be  of  the  Young  coal.  From  a  right  branch 
2  miles  from  Ehe  and  i/4  mile  up  it,  coal  partly  splint,  has 
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been  taken  said  to  be  2  feet  thick.  Its  altitude  is  1,415  and 
it  also  is  probably  of  the  Young  bed,  very  likely  the  upper 
seam  with  more  coal  under  what  was  supposed  to  be  the 
floor. 

On  the  left  of  the  creek  and  right  of  the  road,  2^4 
miles  up,  an  opening,  fallen  in,  shows  a  thick  bed  re- 
ported to  have  3  feet  of  coal  at  the  top,  a  parting,  and  3 
feet  more  at  the  bottom  including  two  partings,  one  of 
them  thick.  This  report  bears  considerable  resemblance 
to  the  bed  section  at  the  Everidge  opening,  but  its  alti- 
tude of  1,400  seems  to  place  it  in  the  Haddix  bed.  On  the 
left,  2i/>  miles  above  Ehe,  the  same  bed  at  about  the  same 
height  has  been  opened,  but  was  closed  when  visited  and 
only  2 I/O  feet  of  coal  was  seen  of  an  apparently  thick 
bed  covered  by  15  feet  shale.  On  the  right,  3  miles  above 
Ehe,  an  apparently  thin  coal  was  found  at  altitude  1,505, 
which  may  be  of  either  the  Hazard  or  Flag  beds  and 
there  is  a  broad  bench  at  1,585  supposed  to  be  about  50 
feet  under  the  Hindman  coal.  With  the  hill  over  this  bed 
rising  here  some  300  to  400  feet  higher,  a  good  working 
area  in  it  is  assured  and  its  8  to  10  feet  of  coal  should 
be  prospected  for  at  some  point  nearer  than  the  head  of 
Irishman  creek,  where  it  has  been  found. 

Upper  Second  Creek. 

The  Fire-clav  coal  at  the  mouth  of  this  stream  is,  as 
at  the  mouth  of  Lot's  creek,  about  60  feet  above  the  river. 
The  bed  rises  slightly  up  stream  but  is  only  15  feet  above 
drainage,  IV^  miles  up.    Following  are  bed  sections : 

EXTRY  ox  THE  RiOHT,  ^  MiLES  IJP. 

Fire  Clay  Coal. 

Shale  8  ft. 

Coal    2" 

Shale    2  ft. 

Coal    42" 

Flint  clay  5"-f 

Coal  5"+ 

Altitude,  895. 
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James  Payson's  20- Yard  Entry, 
On  the  Right,  ly^  Miles  Up. 

Fire  Clay  Coal. 

Shaly  sandstone   10  ft. 

Coal  41" 

Flint  clay  4" 

Altitude,  905. 

In  the  first  the  fire-clay  parting  has  an  uneven,  knobby- 
surface  which  may  give  a  variation  of  an  inch  in  the 
thickness  of  the  coal  above  it  and  of  the  parting,  accord- 
ing as  measurement  is  from  the  top  of  a  knob  or  not. 
The  under  coal  is  given  approximately  at  5  inches.  In 
the  upper  entry,  the  middle  one  of  a  group  of  three,  the 
coal  measures  41  inches  at  the  mouth  and  face  and  43 
inches  at  the  mouth  of  the  entry  next  above.  The  fire- 
clay forms  the  floor  of  the  entries  with  probably  more 
coal  below.  This  bed  appears  not  to  have  been  opened  on 
this  creek  above  this  group  of  entries. 

Combs  Fork.  On  the  Left,  2l^  Miles  Up. 

On  the  left  of  this  fork,  2i/>  miles  up  it,  beside  the 
bridle  path  to  Elk  fork  is  a  5-yard  wet  entry  from  which 
the  following  was  obtained : 

Flag  Coal. 

Sandstone  5  ft. 

Coal  37" 

Clay  6" 

Altitude,    1,280. 

The  depth  of  the  entrance  cutting  admits  of  a  few 
inches  more  coal  below  the  clay  which  was  found  to  be 
over  6  inches  thick,  but  if  there  is  any  coal  below,  it  can 
hardly  be  of  much  importance. 

On  the  left  of  the  main  creek,  %  mile  up  from  the 
mouth  of  Combs  fork,  and  by  a  path  crossing  to  the  lat- 
ter, an  old  prospect  gives  the  height  of  the  Flag  coal  as 
1,250. 

On  the  right,  li/4  miles  above  Combs  fork,and  on  the 
left,  li/»  miles  up,  the  Hazard  coal  gives  the  following: 
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Ben  8tacey — Wet  entry — On  right. 

James  Stacey — 5-yard  entry — On  left. 

Hazard  Coal. 
Slipped  coal. 

Clay.  Sandstone  7  ft. 

Coal  8"  Block  coal  40" 

Shale 8"  Altitude.  1,235. 

Coal  12"+ 

Shale  17" 

Coal  37" 

Altitude,  1220. 

The  lowest  two  feet  of  this  coal,  like  much  of  the 
Fla{?  coal  at  bottom,  is  a  hard  block.  The  higher  seams 
of  the  coal  on  the  right  were  not  in  condition  for  exact 
measurement;  their  entire  absence  on  the  left  is  note- 
worthy. Fifty  feet  above  the  Benjamin  Stacey  entry 
is  a  prospect  into  the  Flag  coal,  partly  covered,  appar- 
ently about  4  feet  thick.    Altitude  1,270. 

James  Stacey  also  has  the  Flag  bed  opened  in  a  wet 
entry  on  the  left  in  front  of  his  house,  Vy^  miles  above 
Combs  fork,  in  which  a  bed  4i^  feet  or  more  thick  is  evi- 
dent under  8  feet  of  shale.  About  3  feet  of  coal  at  the 
top  was  visible.  Like  tlie  preceding  it  lies  50  feet  above 
the  Hazard  bed;  its  altitude  is  1,285. 

Walker  Branch. 

The  uniformity  of  the  Fire-clay  coal  in  this  region 
made  unnecessarv  a  second  visit  to  this  branch.  The  38 
inches  top  coal,  5  inches  fire-clay  and  coal  below,  gener- 
ally not  mined  and  therefore  seldom  exposed  for  meas- 
urement, seems  to  be  standard  for  this  vicinitv. 

On  the  left  at  the  head  of  this  branch  is  the  follow- 
ing :  ( An  opening  is  said  to  have  been  made  into  the  Flag 
coal  directly  above  it.) 

4 

Hazard  Coal. 
Five-yard   wet  entry. 
Shaly   sandstone. 

Block  coal  39" 

Hard   coal   16" 

Altitude,    1,240. 


\** 


.*f 


I  '* 
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A  coal  stain  on  top  of  the  right  toward  Hazard,  at 
altitude  1,465,  is  the  only  sign  of  a  bed  above  the  Hind- 
man  vet  seen  bv  the  writer  north  of  the  Kentuckv  river. 

Hazard  and  Vicinity. 

A  section  of  the  Fire-clay  coal  half  a  mile  below 
Hazard  (taken  from  Bulletin  No.  11,  page  96)  and 
analysis  is: 

Fire  Clay  Coal. 
Shale  and  shaly  S.  S. 

Coal    34' 

Flint   clay   5' 

Coal    4' 

Bone   coal   1" 

Shale    11" 

Coal  4" 

Analysis. 

Moisture 1.50 

Volatile    matter    33.50 

Fixed    carbon    ..- 61.20 

Ash    '. 3.80 

Sulphur 0.794 

Specific  Gravity,   1.287. 

Centrally  located  in  the  town  of  Hazard,  a  quarter 
mile  up  the  small  branch  with  mouth  by  the  river  bridge, 
the  Speak  mine  is  worked  by  the  Speak  brothers  in  the 
Fire-clay  bed  at  altitude  930,  the  river  being  there  at 
about  840.  The  coal  when  measured,  some  50  yards  in, 
is  37  inches  thick,  including  2  inches  of  slaty  coal  at  the 
bottom  which  sticks  to  the  floor  and  in  hand-mining  is 
left.  The  whole  seam  is  said  to  range  in  the  mine  from 
37  to  46  inches.  At  the  mouth  15  feet  of  shale  covers  the 
coal,  but  the  roof  is  fairly  good,  doubtless  becoming 
sandstone.  Besides  filling  a  large  part  of  the  local  de- 
mand for  coal,  some  is  shipped  by  rail  after  hauling 
across  the  river  in  wagons.  One  coal-cutting  machine  is 
used,  operated  by  compressed  air. 

On  the  right,  at  the  head  of  this  branch,  the  Hazard 
bed  has  been  opened  by  a  prospect,  and  coal  about  39 
inches  thick  is  in  sight,  at  altitude  1,230,  under  7  feet  of 
shale.  Another  seam  of  the  bed  beneath  the  39  inches  is 
quite  possible. 
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On  the  branch  at  the  upper  end  of  town,  %  mile  up, 
three  entries  give  each  38  inches  of  coal,  including  about 
6  inches  of  slaty  coal  at  bottom.  The  characteristic  fire- 
clay is  below  that.  A  fourth  5-yard  entry  on  the  right 
has  but  30  inches  of  coal  mined.    Altitude  940. 

At  the  sharp  bend  of  the  river,  ly^  miles  above 
Hazard  an  entrv  has  been  made  into  the  same  bed  on 
the  right,  ^.^  mile  up  the  branch  there.  The  good  coal  is 
34  inches  thick,  the  floor  a  black  slate  rather  than  slaty 
coal,  roof  a  cliff  sandstone  of  40  feet  thickness,  which  has 
pennitted  setting  of  posts  20  feet  apart  in  each  direction 
without  perceptible  strain. 

Higher  coals  were  searched  for  on  this  branch,  but 
nothing  satisfactory  found,  apparently.  Nearly  the 
whole  face  of  the  hill  on  the  right  seems  to  have  J3roken 
and  slipped. 

At  the  mouth  of  this  branch  the  foUow^ing  section, 
taken  from  Bulletin  No.  11,  w^as  obtained  giving  the 
heights  of  the  Whitesburg  and  Fire-clay  coals  as  15  and 
90  feet,  respectively,  above  the  river,  which  here  is  about 
845  feet  above  tide  instead  of  925  as  there  assumed. 

Fire   Clay   Coal. 

Sandstone    20  ft. 

fCoal 35" 

Fire  Clay  Coal...  J  Flint   fire   clay 7" 

Coal  3" 

Clay. 

Sandstone  60  ft. 

Shale  5  ft. 

Black  slate  5  ft 

Whitesburg  Coal. ...Coal    (12  partings). ...40" 

River,  845. 

The  Kentucky  Jewel  Coal  Company  is  preparing  for 
an  operation  on  and  below  Raccoon  creek,  2  miles  above 
Hazard.  The  intention  seems  to  be  to  mine  at  present 
only  the  Flag  coal,  an  old  entry  into  the  Fire-clay  coal  on 
the  river  front  not  having  been  reopened  nor  other  work 
on  that  bed  begun. 

Above  this  coal  an  old  flag-stone  quarry,  230  feet 
higher,  appears  to  be  at  the  base  of  the  Haddix  coal. 
The  Flag  coal  entries,  reached  via  line  for  incline  from 
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the  river  frontage,  are  on  the  left,  perhaps  a  half  mile  up 
Raccoon  creek,  and  are  365  feet,  by  barometer,  above  the 
fire-clay  coal  opening.  The  northern  of  two  well  begun 
entries  gives  the  following  section: 

Flag   Coal. 

Sandstone   5  ft. 

Block  coal  30" 

Bony   coal  3" 

Block  coal 15" 

Shale  3" 

Coal  4" 

The  bony  coal  may  perhaps  be  classed  as  poor  splint 
coal. 

A  broad  bench  at  the  top  of  the  proposed  incline,  40 
feet  below  this  coal,  shows  the  place  of  the  Hazard  coal. 

For  21/^  miles  above  Hazard  reference  is  made  to  the 
section  given  in  Bulletin  No.  11,  page  98,  showing  Whites- 
burg,  Fire-clay  and  rider  and  probable  Hazard  coals,  and 
an  analysis  of  the  latter :  Altitudes  given  there  are  again 
about  80  feet  too  high. 

Gregory  Branch. 

The  Raccoon  Coal  Company  is  operating  3^2  miles 
above  Hazard  to  a  small,  but  increasing  extent  on  the 
Fire-clay  coal  on  the  right  of  this  branch  at  its  mouth,  and 
is  building  an  incline  to  bring  the  Flag  coal  to  the  same 
point. 

The  main  Fire-clay  coal  opening  is  about  80  feet 
above  the  track  and  at  altitude  960.  It  was  started  in  the 
point  of  a  hill  and  runs  rather  across  the  point.  The  coal 
at  entrance  is  but  about  6  inches  above  and  below  the  6 
inches  of  parting,  and  is  some  6  to  8  feet  above  the 
normal  level  of  the  bed.  At  20  vards  in,  where  normal 
level  is  reached,  the  top  coal  is  40  inches  thick,  which  is, 
perhaps,  the  average  thickness  in  the  mine:  Its  max- 
imum is  said  to  be  46  inches. 

The  coal  seems  to  be  in  great  demand  at  a  good  price, 
in  spite  of  the  fact  that  it  is  much  broken  up  in  the  long 
chute  from  mine  to  railroad  level.  Following  is  an  anlysis 
of  the  coal  as  obtained  at  the  mine :  Analysis  by  James 
A.  Gibbonv. 
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Analysis. 

Water   1.52 

Volatile    matter    39.06 

Fixed    carbon 55.78 

Ash    3.64 

100.00 

Sulphur  0.634 

The  Flag  coal  is  opened  fronting  the  river  near  to  the 
head  of  the  proposed  incline  375  feet  above  the  Fire-clay- 
coal:  Altitude,  1,335.  Barely  underground  it  gives  47 
inches  of  coal,  with  8  inches  of  shale  and  then  8  feet  of 
sandstone  above  it. 

On  the  left  of  a  left  branch,  i/4  mile  up  Gregory  and 
Yg  mile  up  the  branch,  the  following  section  was  obtained 
at  the  mouth  of  a  wet  entry : 

Fire  Clay  Coal. 

Sandstone  6  ft. 

Coal  33" 

Flint   clay   parting. 
Fire   clay. 

Altitude,  950. 

The  rider  shows  here  about  18  inches  of  coal,  at  al- 
titude 970. 

On  the  right  at  the  head  of  this  branch,  an  old  open- 
ing showed  in  the  dump  blocks  of  heavy  splint  coal  and 
some  block  coal.  The  bed  may  be  3  feet  thick,  its  altitude 
is  1,295,  making  it  the  Hazard  bed. 

On  the  right,  i/^  mile  up  Gregory,  the  following  sec- 
tion Avas  obtained : 

Gap-level    of    Hindman    coal    ...; 1,430 

Prospect:   Apparently  3  to  4  feet  of  coal,  largely  splint, 

which    weathers   into   small   thin   plates    like   black 

slate 1,365 

(In   this  report     this     bed   is  given   the  name  of 
"Francis.") 
Flag  coal  prospect:   about  5  feet  without  parting,  under 

5  feet  shale  1,310 

Hazard   3-yard   entry:     Coal   43   inches,   under   5   feet   of 

shaly    sandstone 1,260 

Broad   bench    (Young   coal?)    1,225 

Prospect:   Coal  17  inches  under  5  feet  shale 1,025 

Fire   clay  coal  level 950 
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Bear  Branch. 

Four  and  one-half  miles  above  Hazard :  Altitude  of 
mouth  870. 

On  the  left,  %  niile  up  this  branch,  is  a  12-yard  entry 
with  the  following  section: 

Flag   (?)    Coal. 

S-hale  10  ft. 

Coal    2" 

Shale  4" 

Block    coal    8" 

Splint  coal  15" 

Block  coal  8" 

Hard   block   coal 23" 

Altitude,  1,360. 

The  bottom  coal  has  an  inch  of  bone  wiiich  appears 
not  to  be  continuous. 

The  ascertained  height  of  this  bed  above  the  Fire-clay 
coal,  and  its  thickness,  are  indicative  of  the  Flag  coal, 
but  the  splint  coal  in  it,  apparently  perfectly  good, 
weatliers  intosmall  thin  fragments  like  black  slate,  to  a 
degree  never s»een  by  the  writer  elscAvhere  than  here  and 
in  the  coal  foitnd  above  the  Flag  on  Gregory  branch.  A 
possible  error  of  40  feet  in  altitude  would  throw  this 
opening  into  the  higher  bed. 

On  tlie  left,  by  the  road,  i%  miles  above  Hazard, 
the  following  was  obtained  at  the  mouth  of  a  wet  entry: 

Fire-clay   Coal. 

Sandstone. 

Shale    3  ft. 

Coal    1" 

Shale  3" 

Coal  39" 

Flint   clay    3" 

Bottom    (?)    clay. 
Altitude,    975. 

On  the  left,  by  the  road,  514  niiles  above  Hazard,  an 
exposure  gives : 

geo.  31. 
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Whitesburg   Coal. 

Sandstone 40  ft 

Shale  3  ft. 

Black  slate  5  ft. 

Coal  and  shale  1^  ft 

Shale  6  ft 

Coal  1%  ft 

Altitude,   920. 

Buckeye  Creek. 

Five  and  three-quarter  miles  above  Hazard.  Alti- 
tude of  mouth,  875. 

On  the  right  of  the  left  fork  at  its  head,  two  miles 
from  the  river  a  12-yard  entry  gives: 

Flag  Coal. 

Sandstone 1,5  ft. 

Shale  0  to  12" 

Shelly  coal   12" 

Spllnty   coal   12" 

Bony  coal  1" 

Hard  block  coal 43" 

Altitude,    1,370. 

The  inch  of  bony  coal  is  almost  inseparable  from  the 
coal  below,  but  does  not  seem  to  be  very  impure.  The 
variation  in  thickness  of  shale  is  due  to  an  even  top  to 
the  coal  and  a  waving  sandstone  above  it.  On  removal 
of  the  coal  the  shale  comes  down,  leaving  a  fine  roof, 
taken  advantage  of  here  in  the  width  of  the  entry  driven. 

Carr  Fork. 

Six  and  one-quarter  miles  above  Hazard:  Altitude 
of  mouth  880. 

On  the  right,  a  half  mile  up,  J.  P.  Combs  has  a  wet 
entry  with  the  following  section : 

Fire-clay  Coal. 

Sandstone 4  ft. 

Shale   2  ft 

Coal    4" 

Sliale    2" 

Coal  29" 

Bony  coal   3" 

Flint    clay. 
Coal   (?) 

Altitude,  1,095. 
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The  total  thickness,  from  the  two  feet  of  shale  down, 
is  47  inches,  the  flint  clay  is  probably  not  over  4  inches 
thick,  leaving  5  inches  or  more  for  coal  at  the  bottom. 
The  bony  or  slaty  coal  is  not  marketable.  The  roof  is 
good,  probably  becoming  sandstone  a  few  yards  in. 

On  the  same  property  and  on  the  right  of  the  creek 
an  eighth  mile  farther  up  a  covered  prospect  indicates 
a  good  thickness  of  Flag  coal  at  altitude  1,450. 

Acup  Branch. 

On  the  left  of  Carr,  li/>  miles  up.  Altitude  of  mouth 
895. 

On  the  right  of  this  branch,  14  ^^^  iip>  Sampson 
Combs  has  a  wet  entry  giving  the  following  section; 

Fire-clay  Coal. 
Coal   stain. 

Shale   1  ft. 

Coal    5" 

Sandstone  3  ft. 

Shale 8  ft. 

Coal  6" 

Shale  1" 

Coal  31" 

Flint  clay. 

Altitude,   1.070. 

A  half  mile  up  a  branch  on  the  right,  %  mile  up 
Acup,  in  the  point  of  a  hill  on  the  left,  an  abandoned  open- 
ing shows  a  possible  4  feet  of  coal  covered,  under  about  3 
feet  of  shale  and  20  inches  of  coal  over  that.  Its  altitude, 
]  ,480  is  high  for  the  Flag  coal  and  low  for  the  one  above  it. 

Millseat  Branch. 
On  the  right,  y^  mile  up  Acup. 

The  same  bed  is  opened  on  the  right  at  the  head  of 
this  branch,  Y2  ^ail^  up  it,  with  the  following  section  at 
the  mouth  of  a  3-yard  wet  entry : 

Flag  (?)   Coal. 
Sandstone. 

Coal    19" 

Shale  10" 

Coal    ..    43" 

Altitude,  1,4G5. 
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Both  openings  are  on  Edward  Combs '  land.  A  prom- 
inent bench  lies  60  feet  higher. 

On  the  left  at  creek  level  %  mile  up  the  following 
is  exposed  in  a  cliif : 

Whitesburg  Coal. 
Massive   sandstone. 

Shale  20  ft. 

Ccal    6" 

Bone   coal    5" 

Coal    7" 

Ccal    and    shale 3  ft. 

Altitude,    1,015. 

Tlie  coal  and  shale  at  the  bottom  alternate  too 
frequently  for  measurement. 

On  the  right,  %  mile  up  and    again    %    mile    up, 

Roland  Combs  has  8-vard  and  15-vard  entries  into  the 

_^  •  •• 

Fire-clay  coal,  the  latter  at  creek  level,  and  both  at  alti- 
tude ],06(),  which  give  sections  as  follows: 

Fire-clay  Coal. 
Cyard  entry. 
Sandstone. 

Shale  1  ft. 

Coal  2" 

Shale    1" 

Coal  5" 

Shale  2" 

Coal    30' 

Flint   clay   5' 

Coal  C 

Cannel   coal    5" 

Coal  7" 


Fire-clay  Coal. 

15-yard  entry. 

Sandstone  15  ft. 

Shale  6" 

Coal  30" 

Flint   clay   7" 

Cannel    coal    7" 

Black  slate  or  coal. 


The  floor  of  the  upper  entry,  in  water,  could  not  be 
ascertained  fully.    The  flint  fire-clay  here  is  black  instead 
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of  the  usual  brown,  and  may  easily  be  mistaken  for  black 
slate,  or  for  coal  if  not  inspected  closely.  The  cannel 
coal  appears  good. 

On  the  right  of  a  left  branch  one  mile  up,  close  the 
Roland  Combs  house,  in  the  branch  and  15  feet  above 
Acup  branch  the  Fire-clay  coal  rider  has  the  following 
section : 

Fire-clay  Coal  Rider. 

sandstone    20  ft. 

Shale  4  ft. 

Coal 27" 

Bituminous    slate    ....  5" 

Slaty  coal   9" 

Altitude,  1,085. 

Tlie  bottom  coal,  measured  in  water  w^ith  difficulty, 
mav  bo  slight! v  more  or  less  than  10  inches.  The  slate 
parting  closely  resembles  the  black  fire-clay  parting  of  the 
loAver  bed.  So  far  as  kno\\Ti  such  parting  does  not  appear 
elsewhere  in  this  bed,  but  farther  up  on  Carr  and  up  the 
river  it  is  often  seen  as  float,  washed  presumably  from 
the  Fire-clay  coal,  but  possibly  from  its  rider. 

On  the  left,  a  quarter  mile  up  the  right  fork  of  Acup 
and  two  miles  from  Carr  a  prospect  on  land  of  Combs 
heirs  into  the  Flag  bed  at  altitude  1,425  gives  58  inches 
of  rich  hard  block  coal  under  4  feet  of  shale  covered  by 
sandstone. 

On  the  right  branch,  2%  miles  up  Carr,  on  the  right, 
%  mile  up  the  branch,  Benjamin  Combs,  has  a  4-yard 
entry  of  the  following  section: 

Fire-clay  Coal. 

Shale  with  calcareous  con- 
cretions    4  ft. 

Coal  6" 

Shale  1" 

Coal  8" 

Shale  with  coal  24" 

Coal    29" 

Flint  fire  clay  6" 

Shale  8" 

Altitude,  1,080. 
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The  bottom  shale,  which  may  be  thicker  than  8  inches, 
possibly  overlies  more  coal  of  this  bed.  The  roof  is  good, 
indicating  a  change  to  sandstone.  Five  other  entries  or 
prospects  into  this  bed  have  been  made  on  this  property 
all  within  a  quarter  of  a  mile  and  all  closed. 

On  the  right  of  a  left  branch,  2^^  miles  up  Carr,  by 
his  house,  Washington  Combs  has  a  12-yard  wet  entry 
with  the  section  following : 

Fire-clay  Coal. 

Sandstone  8  ft. 

Shale  6  ft. 

Coal  39" 

Flint   clay   8" 

Coal  7" 

Black  slate  floor. 

Altitude,  1,070. 

More  coal  was  reported  below  the  floor,  which  was 
felt  but  not  seen.  The  bottom  coal  was  not  measured 
exactly. 

On  the  right,  3  miles  up  Carr,  a  12-yard  entry,  and 
on  the  left  a  closed  entry,  314  miles  up,  both  of  Robert 
Combs,  gives  the  Fire-clay  coal  and  its  rider,  or  at  least 
a  part  of  the  rider.  The  altitude  of  the  bottom  coal  of 
each  is  1,050. 

Fire-clay  Coal. 

Sandy  shale  10  ft. 

Coal    38" 

Flint   clay   3" 

Coal  5" 

Black  slate  3" 

Clay. 

Fire-clay  Rider 

Shale 4  ft. 

Coal  2  ft 

Shale    1%  ft. 

f  Coal  8' 

Rider.  ^  Shale  2' 

[  Coal  3' 

Shale  8  ft. 

Fire-clay  coal. 

White  Oak  Branch. — On  the  left,  3i/>  miles  up  Carr. 
Altitude  of  mouth,  915. 


Kentucky  Geological  Survey  967 

On  the  right  of  this  branch,  %  mile  up  it,  is  14  inches 
of  coal  of  the  Whitesburg  bed,  probably  at  altitude  1,040, 
with  2  feet  of  shale  and  then  sandstone,  mostly  thin  bed- 
ded, to  the  bed  above  it. 

On  the  right  of  the  branch,  %  mile  up  and  10  feet 
above  it,  Short  Gardner  has  a  7-yard  wet  entry  in  38 
inches  of  coal,  with  a  hard  floor  and  sandy  shale  roof; 
its  altitude  is  1,065. 

ScuDDY  Branch. — On  the  right,  4  miles  up  Carr.  Al- 
titude of  mouth,  920. 

In  the  branch  a  half  mile  up  is  11  inches  of  coal  under 
8  feet  of  shale  at  altitude  1,040  and  on  the  right,  25  feet 
higher,  6  inches  of  coal  on  5  feet  of  fire-clay  and  under 
1Vl>  feet  of  shale  and  a  25-foot  sandstone  cliff.  This  may 
be  the  beginning  of  a  bed,  100  feet  under  the  Fire-clay 
coal,  which  assumes  considerable  importance  farther  up 
Carr,  but  there  it  has  thick  shale  over,  as  well  as  under  it. 

On  the  left,  ^  ^^^  ^^^  one  mile  up,  John  Mullins  has 
8-yard  and  12-yard  entries  into  the  Fire-clay  coal,  at  alti- 
tudes 1,140  and  1,150  which  give  the  following: 

At    1,140.  At  1,150. 

Sandstone  1  ft.  Sandstone  5  ft. 

iShaly  sandstone 1  ft.  Coal   30 

Coal   37"  Flint  clay  4 

Flint  clay  5"  Coal    13" 

Coal 5"  Fire  clay. 

Black    slate    4"  Sandstone. 

Coal 4" 

The  bottom  coal  at  the  higher  entry  has  a  knife-edge 
of  black  slate  at  the  face  decreased  from  3  inches  be- 
tween two  6-inch  seams  of  coal  at  the  mouth  of  the  entry. 

On  the  left  at  the  forks,  l^^  miles  up,  at  stream  level, 
on  John  Combs'  land,  is  the  following: 

Shale   10  ft. 

Coal    7" 

Shale    6" 

Coal    G" 

Shale   3" 

Coal    10" 

Altitude,  1,280. 
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By  the  house  on  the  right,  some  50  feet  higher,  an 
opening  has  been  made  into  what  is  probably  the  Haddix 
bed,  but  the  j)rospect  is  wholly  closed. 

On  a  left  branch,  4V>  miles  up  Carr,  on  the  left,  % 
mile  up  it,  J.  P.  Combs  has  a  5-yard  entry  with  the  fol- 
lowing section: 

Fire-clay  Coal. 

Coal    36" 

Bone   coal   3" 

Coal    4" 

Flint  clay  3" 

Coal    3" 

Black    slate    7" 

Clay. 

Altitude,    1,060. 

Only  the  36  inches  at  the  top  is  mined. 
Georges  Branch. — On  the  right,  4V2  miles  uj)  Carr. 
Altitude  of  mouth,  925. 

On  the  left  of  a  left  branch,  Vi  ^^i^^*  ^^P  George  branch, 
1^  mile  up  the  left  branch,  J.  J.  Mullins  has  a  wet  entry 
giving  36  inches  of  coal  at  its  mouth.  An  adjacent  entry 
formerly  gave  to  the  writer  39  inches  of  coal  with  6  inches 
of  black  jack  and  black  slate  beloAv. 

At  %  mile  up  Allen  Sumner  has  a  Avel  entry  on  the 
left  at  altitude  1,145,  and  on  the  left  of  a  right  branch,  14 
mil(^  up  it,  Jesse  Combs  has  an  8-yard  entry  at  altitude 
1,155,  both  in  the  Fire-clay  coal.     Their  sections  are : 

Sumner.                                                    Combar. 
Sandstone  5  ft.         Sandstone  10  ft. 


Coal    41"  Coal    21 

Flint   clay   5  to  G"  Flint  clay   6 

Coal. '  Coal    - 11 


w 


// 


Tn  each  of  these  the  fire-clay  parting  is  black,  re- 
S(^mbling  slate.  In  the  Sumner  entry  the  roof  is  notice- 
ably good.  In  the  Combs  entry  the  massive  sandstone 
is  uneven  at  bottom  but  the  coal  follows  its  irregularities. 
On  one  side  of  the  entry  near  the  top  a  thin  sandstone 
parting  appears,  which  runs  down  towards  the  middle  of 
the  bed  and  apparently  culminates  and  ends  in  a  6-incli 
ball  at  the  face.    This  freakish  sandstone  and  great  re- 
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duction  of  the  upper  coal  are  not  likely  to  extend  far. 
The  measurement  given  are  from  the  mouth  of  the  entry. 
At  the  face  the  parting  is  about  half  as  thick,  but  the  ef- 
fective coal  is  reduced  by  a  little  coal  sticking  to  the  fire- 
clay. 

A  mile  up  to  the  forks  of  the  creek,  and  14  ^lil^  ^P 
the  left  fork,  15  feet  above  it,  an  8-yard  entry  on  the  left, 
and  at  water  level  and  a  2-yard  entry  on  the  right,  botTi 
in  the  P'ire-clay  coal  at  altitude  1,200,  give  33  inches  of 
coal  on  5  to  8  inches  of  black  flint  fire-clav  with  coal  be- 
low,  4  inches  thick  in  the  latter  entry.  Five  feet  of  sand- 
stone shows  above  them. 

On  the  left  of  the  right  fork,  14  mile  up  it,  30  feet 
above  stream,  and  on  the  right,  Vo  mile  up,  10  feet  high, 
in  a  20-yard  entry  of  Robert  Combs,  each  at  altitude 
1,210,  the  following  sections  were  taken: 

On   Left.  On    Right. 

Sandstone    .. 5  ft.         Sandstone    15  ft. 

Coal  44"(?)         Coal   40"(?) 

Flint  clay.  Flint  clay  6" 

Shale   30  ft.         Coal  5" 

Clay   1  ft. 

Sandstone. 

It  is  possible  that  a  black  jack  of  some  4  inches  thick- 
ness lying  on  the  flint  fire-clay  is  included  as  coal  in  the 
foregoing. 

The  rockhouse  on  the  right  just  beyond  the  Combs 
entrv,  3  feet  above  the  stream  has  about  the  same  section 
as  the  entry. 

Montgomery  Branch. — On  the  right,  5%  miles  up 
Carr :  Altitude  of  mouth,  935. 

From  this  branch  at  its  mouth  a  cliff  rises  of  some  30 
feet  of  shale,  with  40  to  50  feet  of  sandstone  on  top  of 
that,  carrying  the  measures  nearly  to  the  thin  coal  100 
feet  below  the  Fire-clay  coal. 

In  a  left  branch,  a  mile  up  Montgomery,  9  inches  of 
coal  at  altitude  1,030  (the  6-inch  coal  of  Scuddy)  is 
covered  by  5  feet  of  shaly  and  20  feet  of  more  massive 
sandstone. 

On  the  right,  14  ^^^^  ^P  the  branch,  on  D.  Combs'' 
land,  is  a  prospect  into  the  Fire-clay  coal,  fallen  in,  but 
with  3  feet  of  coal  still  visible  under  15  feet  of  shale ;  its 


f/. 
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altitude  1,115.    In  the  first  right  drain  below,  a  prospect 
revealed  the  following: 

Fire-clay  Coal   Rider. 

Shaly  sandstone  5  ft. 

Coal    C 

Shale  1" 

.  Coal    7" 

j  Shale    3" 

I  Coal  14" 

j  Stiale  10" 

■  Coal  9" 

!  Shale  2" 

Coal    5" 

Altitude,   1,140. 


A  total  of  45  inches  of  coal  in  a  bed  of  57  inches  total 
thickness. 

On  the  right,  1^  o  miles  up.  Judge  Combs  has  a  pros- 
pect into  the  Fire-clay  coal  at  altitude  1,145,  its  section 
given  below  approximately,  and  also  a  wet  entry  on  the 
left,  altitude  l,lfi(),  Vi  "lil^^  ^U^  t'^^  ^^ft  fork,  which  enters 
the  main  creek  at  his  house,  \'^\  miles  from  Carr. 

Prospect.  Entry. 

Shale   15  ft.  Shale   5  ft 

Coal   44"  Coal    58" 

Flint  clay   4"  Flint  clay  2" 

Coal  5"  Coal    2" 

The  Hint  fire-clay  is  black  and  i)ossibly  should  in- 
clude 3  or  4  inches  of  what  is  given  as  coal  above  it. 

On  the  right,  ^s  "^il^  "P  this  left  fork  the  top  seams 
and  i)arting  of  the  rider  are  exposed  25  feet  above  the 
Fire-clav  coal. 

On  the  left,  at  the  forks  of  the  left  fork,  I  mile  up, 
40  inches  of  the  main  seam  of  the  Fire-clay  coal  was  seen, 
but  not  the  bottom. 

Under  it  is  4  inches  of  Hint  fire-clay  and  below  that 
8  inches  of  black  slate.  Five  feet  of  shale  covers  the 
bed:   Its  altitude  here  is  1,2()5. 

On  the  right  fork,  or  main  creek,  on  a  right  branch, 
2  miles  from  Carr,  on  the  left  ^s  mile  up  the  branch, 
Robert  Summers  has  an  opening  as  given  below :  With  it 
is  given  the  section  at  a  wet  entry  on  the  left,  I4  mile 
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up  and  55  feet  above  the  right  fork,  whicli  is  2^4  miles 
from  Carr.  Both  are  of  the  Fire-clay  coal  bed. 

Summers.  Right  Fork. 

Shale   10  ft.  Sandstone  5  ft. 

Coal   39"  Coal   25" 

Flint  clay  5"  Black    Jack    3" 

Coal  6"  Flint  clay 5" 

Coal  7" 

Altitude,    1,195.  Altitude,  1,220. 

On  the  right,  li/i>  miles  up  the  left  fork,  or  main 
creek,  4  miles  from  Carr,  Green  Combs  has  a  3-yard 
wet  entry,  355  feet  above  the  creek,  into  what  is  believed 
to  be  the  Flag  coal  with  the  following  section: 

Flag  Coal. 

Sandstone    10  ft. 

Coal 16" 

Shale    3" 

Coal    43" 

Altitude,    1,695. 

The  bottom  foot  of  the  bed  was  not  seen  and  its 
measurement  may  not  be  quite  correct. 

The  correlation  of  the  bed  is  on  the  assumption  that 
the  rise  of  strata  continues  up  Montgomery  branch  from 
the  last  Fire-clay  coal  opening  to  thi^  point.  There  ap- 
pears a  further  slight  continuation  to  openings  of  this 
same  high  bed  on  the  heads  of  Bull  creek,  but  the  baro- 
meter was  too  inaccurate  for  certainty.  The  correlation 
is  strengthened  by  the  character  of  the  bed  and  its  roof. 

The  ridge  northwest  of  Bull  creek  and  around  its 
head  (as  well  as  down,  on  the  north  of  Big  branch  past 
the  head  of  Georges  branch)  is  broad  at  the  top  forming 
what  is  known  as  *  *  Flatwoods. ' '  Between  the  mouth  of 
Bull  creek  and  the  river  northwest  of  it,  this  unusual 
topography  is  principally  due  to  the  excessive  hardness 
of  the  20  to  30  feet  of  well-known  cliff  rock  underlying  the 
Hazard  coal,  and  it  is  difficult  to  believe  that  the  same 
rock  is  not  the  prime  cause  at  the  head  of  Montgomery 
branch.  If  this  were  the  case,  and  to  make  the  stratifica- 
tion and  topography  conformable  to  that  at  the  river, 
the  Flag  bed  should  be  100  feet  lower  than  the  Green 
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Combs  coal,  whicli  would  make  the  latter  of  the  Hindman 
bed.  This  bed  has  been  opened  in  the  river  ridge  and 
presents  its  usual  characteristics  of  extremely  thick  coal 
under  abominable  roof,  wholly  different  from  the  Green 
Combs  and  heads  of  Bull  creek  openings.  In  this  con- 
nection is  noted  a  very  hard  sandstone  at  the  gap  between 
Bull  creek  and  Defeated  branch  directly  under  what  is 
assumed  to  be  the  Hazard  coal  and  65  feet  under  one  of 
these  Flag  coal  openings. 

On  the  right  of  the  left  fork  above  Green  Combs', 
41/1:  miles  from  Carr,  Harrison  Banks  has  a  nearly  closed 
entry  into  the  (probable)  Haddix  bed  giving  about  34 
inches  of  coal  under  8  feet  of  shale. 

Stacey  Branch. — On  the  left,  5V1»  miles  up  Carr:  Al- 
titude of  mouth,  935. 

In  a  drain  on  the  left,  l^  mile  up,  two  covered  pros- 
pects in  coal  apparently  thick  enough  to  work  are  prob- 
ably of  the  Fire-clay  coal;  their  altitude  1,095  and  1,100. 
They  serve  to  show  an  up  stream  dip  to  the  wet  entry  on 
the  right,  som(^  20  feet  above  the  branch,  which  has^  the 
following  section : 

Fire-clay  Coal. 

Rough    sandstone .0  ft. 

Coal    44" 

Flint   clay. 
Coal. 

Altitude,    1,045. 

Neither  the  bottom  coal  nor  the  fire-clay,  which  is 
black  here,  were  accessible  for  measurement. 

Yellow  Creek. — On  the  left,  5%  miles  up  Carr.  Al- 
titude of  mouth,  940. 

A  quarter  mile  up  the  creek  and  y^  mile  up  a  left 
drain,  Samuel  Combs  has  a  12-yard  entry  with  the  fol- 
lowing section : 

Fire-clay   Coal. 

Sandstone   15  ft. 

Coal    41" 

Flint   clay   4" 

Coal    9" 

Altitude,   1,090. 
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Again  the  fire-clay  is  black,  and  the  roof  is  fine.  The 
sandstone  over  the  entry  shows  no  coal,  but  in  the  drain 
by  the  opening,  10  feet  above  it,  a  4-inch  seam  splits  into 
two  smaller  ones.  A  slipped  stain,  probably  of  the  rider, 
shows  35  feet  above  the  opening. 

A  covered  prospect,  one  mile  up  the  creek  and  ^4 
mile  up  a  left  branch  and  at  its  level  gives  the  height  of 
the  Fire-clay  coal,  1,085,  but,  a  thunder  storm  occurring 
while  on  this  branch,  this  is  not  reliable.  The  40  feet 
under  it  is  of  thin  bedded  sandstones  and  shales  w4th  lime 
boulders,  as  exposed  along  the  branch,  and  the  covering, 
30  feet  of  sandstone. 

On  the  left,  ly^  miles  up,  the  same  bed  shows  about 
38  inches  of  coal,  without  the  parting  near  the  top  found 
in  the  next  opening.  Twenty  teet  of  thin  sandstones  and 
shales  show  under  the  bed,  and  two  thin  coals  arc  said 
to  lie  10  to  20  feet  above  il. 

On  the  right  at  the  creek,  1%  miles  up,  Addison 
Combs  has  a  10-yard  entry  as  follo^vs: 

Fire-clay  Coal. 

Sandstone   15  ft. 

Coal    3" 

Shale  1" 

Coal    32" 

Flint    clay    4" 

Coal    7" 

Fire  clay 1  ft. 

Shaly  sandstone. 

Altitude,   1,055. 

The  flint  fire-clav  is  black. 

What  coal  there  is  of  the  rider  must  come  within  20 
to  30  feet  of  the  fire-clay  coal,  for  about  15  feet  of  sand- 
stone is  exposed  over  the  entry  and,  at  the  mouth  of  a 
left  branch  IVo  miles  uj),  40  feet  of  shales  and  thin  sand- 
stones rise  from  the  creek  at  altitude  1,075.  The  rider 
must  go  under  these. 

On  the  right  at  the  head  of  the  creek,  2i/2  miles  up,  is 
a  20-foot  sandstone  cliff,  its  base  at  altitude  1,435,  on 
which  probably  lies  the  Hazard  bed;  the  altitude  of  the 
gap  to  Kelly  fork  of  Lot's  creek  is  1,554. 

A  quarter  mile  southeast  of  the  gajj,  on  a  good  bench, 
Geortce  Francis  has  an  entrv  into  a  bed  midwav  between 
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the  Flag  and  Ilindman  beds,  to  which  is  here  given  the 
name  of  *' Francis."  Although  the  bed,  as  given  below 
is  not  so  thick  as  found  elsewhere,  it  is  the  only  known 
place  where  it  is  carried  underground : 

Francis  Coal. 

Sandstone   cliff   30  ft. 

Block  coal  14" 

Black    slate    4" 

Hard   block  coal 15" 

Altitude,   1,570. 

Red  Oak  (or  Rowdie)  Branch. — On  the  right,  6^ 
miles  up  Carr.  Altitude  of  mouth,  945. 

An  entry  into  the  Fire-clay  coal,  %  mile  up  this 
branch,  taken  from  Bulletin  No.  11  is  as  follows : 

Fire-clay   Coal. 

Sandstone  10  ft. 

Shale    5  ft 

Coal    37" 

Shale  and  flint  clay..  9" 
Coal    10" 

This  seems  now  to  be  abandoned,  although  of  good 
thickness. 

Coal  16  inches  thick  runs  with  and  in  the  branch  for 
nearly  a  quarter  mile  to  a  left  branch  one  mile  up.  Fif- 
teen feet  above  this  coal  at  altitude  1,050  to  1,070  is  5 
inches  more  coal  with  10  inches  parting  under  10  feet 
of  shalv  sandstone. 

On  the  left  at  the  forks  a  quarter  mile  up  the  left 
branch  one  mile  from  Carr,  Hiram  Brashear  has  a  partly 
covered  prospect  10  feet  above  the  branch,  from  which 
the  f ollo\ving  was  obtained  : 

Fire-clay  Coal. 

Sandstone    10  ft. 

Shale    5  ft. 

Coal    32" 

Bone   coal   4" 

Flint   clay   3" 

Coal    7" 

Black  slate  2" 

Bone  coal   3" 

Coal  6" 

Altitude,  1,165. 
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The  bone  in  the  lower  seam  may  be  marketed,  that  in 
the  upper  seam  must  be  excluded. 

Negro  Branch. — On  the  left,  6%  miles  up  Carr.  Al- 
titude of  mouth,  945. 

On  the  right,  i/<>  mile  up,  Noah  Adams  has  a  5-yard 
entrj^  with  the  following  section : 

Fire-clay  coal. 

Sandy  shale   3  ft. 

Coal    38" 

Flint    clay C" 

Coal    4" 

Black  slate 2" 

Coal    5" 

Clay. 

Altitude,    1,085. 

On  the  right,  %  mile  up,  is  25  inches  of  coal  with  one 
inch  parting  4  inches  from  the  top,  under  10  feet  of  shale. 

A  20-foot  cliff  at  the  head  of  the  branch,  1%  miles  up, 
altitude  1,390,  gives  the  approximate  location  of  the 
Hazard  coal  just  above  it.  To  the  right  of  this  cliff 
Simon  Stacey  has  an  8-yard  entry  giving  the  following: 

Flag  Coal. 

Sandstone    25  ft. 

Coal    12" 

Shale  G" 

Clay    1' 


Coal    17 


Bony    coal     1 

Coal    23" 

Altitude,    1,470. 

Sassafras  Creek. — On  the  left,  7i/l>  miles  up  Carr. 
Altitude  of  mouth,  955. 

In  the  left  fork  at  its  mouth  is  a  foot,  or  possibly 
more,  coal  under  a  foot  of  shale  at  altitude  1,020.  From 
this  coal  to  the  next,  given  at  the  bottom  of  the  follow- 
ing section,  is  mostly  sandstone.  This  section  was  ob- 
tained V.  mile  up  the  left  fork  in  front  of  Manton  Cor- 
nett's  house: 
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Sandstone  8  ft. 

Shale  2  ft. 

Sandstone    1  ft. 

Shale  3  ft. 

Fire-clay  coal  bed....  4  ft. — Altitude,  1,090. 

Fire-clay    2  ft. 

Sandstone   2  ft. 

Shale    28    ft. 

Black  slate 1" 

Coal    7" 

Black  slate  1" 

Ck)al    6" 

Fire-clay. 

Sandstone    Jn    creek. 
Altitude,    1,055. 

The  following  sections  of  the  Fire-clay  coal  were  ob- 
tained; one  on  the  left  fork  100  yards  above  the  section 
just  given,  from  the  mouth  of  a  wet  entry;  one  on  the 
left  of  the  right  fork,  V»  mile  up  it:  Their  altitudes  are 
1,090  and  1,085. 

Left  Fork.  Right    Fork. 

Sandstone.  Sandstone    2  ft. 

Shale 2  ft.  Coal   24" 

Coal    24"  Black  jack  3" 

Flint  clay  3"  Flint  clay  ^  4" 

Black    slate    3"  Coal    20" 

Coal    6"  Clay. 

Bone  coal  3" 

Coal   G" 

The  roof  of  the  Left  fork  entry  is  broken  down  for 
about  3  yards  in,  and  the  two  feet  of  shale  at  the  mouth 
there  gives  place  to  two  feet  of  good  shaly  sandstone — a 
change*  frequently  noted  in  the  roof  of  this  bed,  but  no- 
where else  so  abrupt.  A  closed  adjacent  entry  shows  30 
inches  of  top  coal. 

In  the  middle  of  the  bottom  coal  of  the  Eight  fork 
ox^ening  is  a  bone  coal  running  in  thickness  from  nothing 
to  4  inches.  A  closed  entry  on  the  opposite  side  of  the 
creek  has  7  inches  of  coal  4  feet  above  the  main  seam,  ap- 
parently a  split  from  it  and  the  cause  of  its  reduced 
thickness. 
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Kelly  Branch. — On  the  left,  9  miles  up  Carr :  Alti- 
tude of  mouth,  970. 

The  Whitesburg  bed  with  black  slate  roof  lies  in  this 
branch,  %  mile  up  it,  at  altitude  1,060,  its  thickness  not 
ascertained.  Below  and  above  it  most  of  the  way  to  the 
Fire-clav  coal  the  branch  is  bared  to  thin  bedded  sand- 
stone. 

George  Kelly  has  a  wet  entry  a  mile  up  this  branch, 
at  its  level  and  at  altitude  1,095,  with  section  as  given 
with  the  Lee  Kelly  section  following.  The  latter  is  from 
a  wet  entry  on  the  left  of  a  left  branch,  914  noiiles  up  Carr, 
on  the  left,  i^  mile  up  the  branch.    Its  altitude  is  1,120. 

George  Kelly. 

Sandstone 30  ft. 

Covered 3  ft. 

Coal  7" 

Shaly  limestone  5  ft. 

Shale  2  ft. 

Coal  24" 

Black  jack  4" 

Flint  clay  2" 

Coal    19" 

Shale  in  branch. 

Lee    Kelly. 

Sandstone. 

Shale  10  ft. 

Coal    2" 

Shale  4" 

Coal    28" 

Black  jack  2" 

Flint  clay  3" 

Coal 17" 

The  bottom  coal  of  the  Lee  Kelly  section  is  of  some- 
what doubtful  measurement. 

Irishman  Creek. — On  the  right  10i/>  miles  up  Carr. 
Altitude  of  mouth,  980. 

Right  Fork. — One  half  mile  up  Irishman  creek. 
On  the  right,  i/j  mile  up  this  fork,  Spencer  Combs 
has  a  wet  entry  where  the  following  section  was  taken: 


r 

I" 
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Fire-clay  Coal. 
Sandstone. 

Shale    8  ft. 

Coal    24" 

Black  jack  3  to  4' 

Flint    clay    4' 

Coal    ir 

Clay. 

At  %  mile  up  a  thin  coal  under  massive  sandstone 
shows  by  the  creek,  about  100  feet  below  the  Fire-clay- 
coal,  its  altitude  being  1,085. 

On  the  right  of  a  right  branch  one  mile  up  the  fork 
and  3/s  mile  up  the  branch,  Monroe  and  William  Kelly 
have  a  prospect  into  the  Fire-clay  bed,  at  altitude  1,180, 
in  which  the  lower  members  were  found  but  could  not  be 
measured.  Over  the  fire-clay  the  black  jack  is  4  inches 
thick,  with  28  inches  of  coal  above  it,  covered  by  3  feet 
of  shale. 

At  nearly  li/»  miles  up,  a  coal  about  10  inches  thick 
goes  below  drainage  at  altitude,  1,170  as  under  a  Grigsby 
Fire-clay  coal  opening  on  Lot's  creek. 

On  the  right,  li/*  miles  up,  a  prospect  gives  the  fol- 
lowing : 

Fire-clay  Coal. 

Shale  2  ft. 

Coal    28" 

Black  jack 2" 

Flint  clay  4" 

Coal    16" 

Altitude,  1,180. 

At  l-'}4  miles  a  coal  goes  below  drainage,  its  thick- 
ness probably  not  over  1VL»  f^^t  including  a  thin  black 
slate  parting;  its  altitude  1,245. 

On  the  left,  two  miles  up.  Jack  Combs  has  an  opening 
as  follows : 

Flag  Coal. 
Sandstone. 

Block    coal    9" 

Shale  2" 

Block    coal    42" 

Altitude,  1,605. 
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The  lieight  of  this  bed  above  the  Fire-clay  coal  seems 
to  be  greater  here  and  on  Negro  branch  than  at  points 
farther  west,  but  the  charater  of  the  bed  leaves  little 
room  for  doubt  in  correlation.  Being  here  but  about  50 
feet  below  the  level  of  the  gap  at  th  ehead  of  the  fork, 
and  little  more  in  the  spur  where  opened,  its  mining  area 
is  very  small. 

Trace  Fork. — On  the  left  of  Irishman  creek,  % 
mile  up  it :  Altitude  of  mouth,  1,007. 

Sugar  Branch  is  on  the  left  of  Trace  fork,  14  ^il^ 
up  it.  On  the  right,  14  ^^^  ^P  the  branch,  Patrick  Back 
has  a  10-yard  entry  of  following  section : 

Fire-clay  Coal. 

Sandstone. 
Shale. 

Coal      24" 

Black  jack 4" 

Coal  1" 

Flint  clay   3" 

Coal  15" 

Altitude,  1,120. 

The  inch  of  coal  in  the  parting  was  not  seen  in  out- 
crop. The  upper  six  inches  of  the  main  coal  seam  is  in- 
clined to  resemble  cannel  coal,  and  2-inch  blocks  of  such 
coal  were  found  in  the  dump  of  a  covered  prospect  on  the 
left,  %  mile  up  the  branch.  Though  clearly  shale  over 
the  mouth  of  the  entry,  the  roof  is  of  sandstone  4  yards 
in.  The  forks  of  Trace  are  %  mile  up  it ;  the  altitude  there 
1,059. 

On  the  right,  %  mile  up  the  Left  fork,  from  a  rock- 
house  and  prospect  above  it  the  following  was  obtained : 

Sandstone 3  ft. 

Shale    6" 

Fire-clay    Coal 

Coal    23" 

Black  jack  3" 

Flint  clay  4" 

Coal   17" 

Altitude,    1,105. 


1 
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Covered   10  ft. 

Shaly  sandstone 5  ft. 

Shale  10  ft. 

Sandstone 6" 

Black  slate  3  ft. 

Whitesburg  Coal. 

Bright  block  coal 6" 

Black  slate  H" 

Hard,      bright      block 

coal 25" 

Altitude,  1,075. 

Covered 3  ft. 

Sandstone  in  stream. 

The  weathered  black  slate  in  the  cliflf  forming  the 
roof  of  the  rock-honse  looks  exactly  like  a  stained  vellow 
sandstone,  and  would  have  been  left  as  such  but  for  the 
expectation  of  finding  black  slate  there. 

On  the  right,  14  mile  up  the  left  fork  of  Trace, 
Jasper  Watts  lias  a  12-yard  entry,  10  feet  above  the 
creek,  with  this  section : 

Fire-clay  Coal. 

Sandstone   5  ft. 

Coal 21" 

Black  jack  3" 

Flint  clay  4' 

Coal 10' 

Samlstone 3' 

Coal  T 


I  '* 


\'t 


tff 


The  lower  parting  is  a  black,  bituminous  clay  sand- 
stone, which,  in  an  entry  10  yards  below^  is  replaced  by 
2  inches  of  impure  coal.  The  upper  half  of  the  visible 
sandstone  covering  the  coal  is  smooth  and  massive;  the 
lower  half  of  irrc^gular  formation  with  thin  coal  seams 
running  through  it  at  varying  x^itches. 

On  the  right  fork  of  Trace,  on  the  right  14  mile  up 
it,  is  an  8-yard  entry  into  the  Fire-clay  coal  at  altitude 
1,080,  and  on  the  left,  V2  niile  iip,  10  feet  above  stream  at 
altitude  1,100,  is  an  entry  of  Josex)h  Fort's,  partly  closed. 

Sections  of  these  two,  the  latter  measured  at  out- 
crop, follows: 
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One-fourth    Mile    Up. 

Shaly  sandstone  15  ft. 

Coal    20" 

Black  jack  2" 

Flint    clay    4" 

Coal    10" 

Black  slate  1" 

Coal    6" 

One-Half  Mile  Up. 

Sandy    shale    2  ft. 

Coal    18" 

Black    jack    2' 

Flint    clay    4' 

Coal  9" 

Bone  coal  1" 

Coal    6" 


\'t 


I " 


At  -^  mile  up,  the  Fire-clay  coal  is  below  drainage 
A  20-incli  coal  under  5  feet  of  shale  and  that  under  sand- 
stone is  exposed  on  the  right  at  altitude  1,165. 

On  the  left,  %  ^^i'^'  ^^P»  Valentine  MuUins  has  a 
closed  entry  with  3U»  feet  of  coal  under  5  feet  of  sand- 
stone.  Though,  at  altitude  1,465,  it  appears  to  be  at  the 
right  height  above  the  Fire-clay  coal  for  the  Hazard  bed 
but  the  prevalence  of  Flag  coal  openings  of  this  thick- 
ness induces  correlation  with  the  Flag  bed. 

On  the  right,  1U>  miles  up  the  right  fork,  Riley 
Mullins  has  a  10-yard  entry  into  the  Flag  bed  at  altitude 
1,525,  in  which  is  40  inches  of  coal  with  an  inch  of  shale 
parting  6  inches  from  the  bottom.  On  it  is  5  feet  of 
massive  sandstone. 

At  1%  miles  up  this  fork  divides  again.  A  quarter 
mile  up  tiie  left  fork  here,  on  the  left,  T.  S.  Evans  has  a 
20-yard  entry  into  42  inches  of  Flag  coal  under  sand- 
stone, at  altitude  1,505.  An  inch  of  hard  black  parting 
some  4  yards  in,  7  inches  from  the  bottom,  seems  not  to 
be  continuous,  although  corresponding  in  position  with 
the  parting  in  the  preceding,  Riley  Mullins  entry. 

At  the  head  of  the  right  fork  and  two  miles  from  the 
mouth  of  Trace,  Mr.  Fields  has  a  4-yard  wet  entry  giv- 
ing the  following  at  its  mouth: 


\ 
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Hindman  Coal. 

Shale  10  ft. 

Coal    67" 

Clay   2" 

Coal 7" 

Clay   1" 

Coal    42" 

Altitude,   1,660. 

The  bed  here  has  little  covering,  but,  westward  the 
high  hills  toward  the  head  of  Lots  creek  offer  a  favor- 
able field. 

The  following  six  sections  represent  openings  into 
the  Fire-clay  coal  on  main  Irishman  creek  and  short 
branches  between  Trace  fork  and  the  forks  at  the  school 
house,  21/2  miles  up. 

On  the  right  of  a  right  branch,  14  mile  above  Trace 
fork  and  a  like  distance  up  the  branch,  yg  mile  from  Carr, 
Murray  Combs  has  a  5-yard  entry  at  altitude  1,175.  On 
the  left,  one  mile  up  the  creek,  Samuel  Cook  has  a  10-yard 
entry  at  altitude  1,140. 

Murray   Combs. 
Sandstone. 

Shale   3  ft. 

Coal  24" 

Black  jack  )  g„ 

Flint    clay   ) 

Coal   12" 

Black    slate    2" 

Coal  6" 

Samuel  Combs. 
Shale. 

Coal  24" 

Black  Jack  3"  ^ 

Flint  clay  3" 

Coal  17" 

Wat^r  in  the  Cook  entry  prevented  satisfactory  ex- 
amination of  the  bottom  coal,  but  it  is  apparently  all 
good. 

On  the  right  of  a  right  branch,  I14  miles  up  the  creek, 
14  mile  up  the  branch,  25  feet  above  it,  Jack  Madden  has 
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a  5-yard  wet  entry  at  altitude  1,175.  On  the  right  of  the 
creek,  1%  miles  up  it.  Jack  Asher  has  a  15-yard  entry 
at  altitude  1,135. 

Jack   Madden. 
Massive  sandstone  ..15  ft. 

Cannel  slate  2" 

Coal  20" 

Black   jack   3" 

Flint  clay 5" 

Coal  13" 

Bone  coal   2" 

Coal    4" 

Clay. 

Jack   Asher. 

Sandstone  20  ft. 

Shale  4  ft. 

Cannel  slate  2" 

Coal    19" 

Black  jack   )  ^„ 

Flint    clay   ) 

Coal  11" 

Slate  2" 

Coal    4" 

Big  Branch  is  on  the  right,  1%  miles  up.     On  its 
left,  1/2  mile  up  is  a  6-yard  entry  at  altitude  1,180. 

Mill  Branch  is  on  the  right,  2y^  miles  up.    P.  John- 
son has  an  entry  at  altitude  1,170. 

Big  Branch. 

Sandstone  10  ft. 

Cannel  slate  1" 

Coal  22' 

Black  jack  0  to  3' 

Flint   clay   4' 

Coal  12" 

Bone   coal   2" 

Coal    3" 

Mill   Branch. 

Shaly  substance   10  ft. 

Coal    26" 

Black  jack  1  to  5" 

Coal  - 12" 

Bone  coal ? 


«" 

I" 
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In  Big  branch  the  Whitesburg  bed  is  exposed  under 
black  slate,  its  thickness  not  known,  its  altitude  1,140. 

On  the  right,  100  yards  above  Mill  branch,  John 
Madden  has  the  Whitesburg  bed  opened  at  altitude  1,120 
with  34  inches  of  coal  under  3  feet  of  black  slate  and  10 
feet  of  shaly  sandstone.  The  upper  10  inches  of  coal 
has  a  considerable  deposit  of  marcasite  on  its  face.  This 
is  the  only  ])lace  in  the  field  covered  by  this  report  where 
sulphur  has  b(»en  observcMl  to  any  marked  degree,  and 
there  are  very  few  places  where  it  is  visible  at  all,  either 
as  marcasite  or  pyrite.  Across  the  creek  from  this  open- 
ing the  same  coal  is  38  inches  thick. 

Left  Fork. — At  School  No.  12,  2y^  miles  up :  Altitude 
of  mouth,  1,064. 

On  the  right  of  a  left  branch  of  this  fork,  %  mile  up 
each,  Charles  Madden  has  a  4-yard  wet  entry  into  the 
Fire-clay  coal  at  altitude  1,225.  On  the  right,  14  mile  up 
the  fork,  the  Fire-clay  coal  is  opened  at  altitude  1,200  and 
all  strata  are  exposed  up  to  and  beyond  the  rider.  Sec- 
tions from  these  two  places  follow: 

Left  Branch. 

Shale  5  ft. 

Coal    24" 

Black  jack  3" 

Flint  clay  4" 

Coal. 

On    Right. 

Shaly  sandstone 10  ft. 

Shale  5  ft. 

Coal  28" 

Shale  and  coal  10" 

Coal  4" 

Shale  6  ft 

Coal    5" 

Shale  2  ft. 

Coal    5" 

Shaly  sandstone 8  ft. 

Coal  26" 

Black  jack  3" 

Flint  clay  3" 

Coal  ir 

Hard  bottom. 


\  »t 
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At  94  ^^^  ^ip  the  fork  the  Fire-clay  coal  goes  below 
drainage:  Altitude  1,210. 

On  the  left,  one  mile  up.  Bud  Madden  has  a  prospect 
whicli  gives  the  following: 

Flag  Coal. 

Sandstone   2  ft. 

Shale  8  ft. 

Block  coal  41" 

Shale  2" 

Coal  1" 

Clay. 

Altitude,    1,530. 

On  the  left,  in  front  of  Samuel  Pigman's  house,  1% 
miles  up,  10  feet  above  the  fork,  an  incomplete  prospect 
gives  20  inches  of  coal  under  5  feet  of  shale,  at  altitude 
1 ,31 0. 

On  the  right  of  the  road,  2  miles  up  the  fork,  4i/^ 
miles  from  Carr,  Samuel  Pigman  has  a  closed  entry  into 
the  Flag  coal,  probably  over  4  feet  thick,  at  altitude 
1,550.  A  thick  sandstone  shows  10  feet  above  the  bed  and 
a  70-foot  sandstwK*  crowns  the  peak  above  it,  which 
n^aches  an  altitude  of  1,900. 

RicjHT  Fork. — At  2i/»  miles  from  Carr. 

Alum  Cave  branch  is  on  the  right  of  this  fork,  14 
mile  ux)  it,  and  the  altitude  at  its  mouth  is  1,160. 

On  the  left,  Y^  ^^^'^  ^^P  the  branch  is  a  2-yard  entry 
into  25  inches  of  coal  with  3  inches  of  black  slate  cover- 
ing it,  on  which  is  5  feet  of  massive  sandstone.  The 
(exact)  altitude  of  the  bed  is  1,205.  It  lies  so  near  the 
l(»vel  of  the  Fire-clay  coal  that  the  flint  clay  parting  is  to 
be  expected  in  its  floor. 

()n  the  right  of  the  head  of  the  branch,  IVt  miles  up, 
John  Madden  has  a  10-yard  entry  into  the  Flag  bed  at 
altitude  1,615.  This  gives  50  inches  of  clean  coal  with  ly^ 
feet  of  shale  between  it  and  the  sandstone  above.  The 
broad  ])ench  of  the  Francis  coal,  60  feet  above  the  Flag 
bed  is  prominent  here. 

On  the  right  of  the  fork  at  the  mouth  of  Alum  Cave 
branch,  25  feet  above  it,  at  altitude  1,185  is  a  thin  coal 
with  fire-clav  floor  on  15  feet  of  shalv  sandstone,  and 
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covering  of  15  feet  of  shale  under  sandstone.  This  ap- 
pears to  be  of  the  Whitesburg  bed,  but  without  the  black 
slate  roof  the  correlation  is  doubtful. 

On  the  right  of  the  fork,  %  mile  up  it,  3i/4  miles 
from  Carr,  Mrs.  Madden  has  two  entries  with  section  as 
follows : 

Fire-clay   Coal. 

Sandstone 5  ft. 

Shale  1  ft. 

Coal  28" 

Parting  T 

Hard  block  coal  6' 

Block  coal  5' 

Fire  clay  1  ft. 

Shaly  sandstone  to 

creek  2  ft. 

Altitude,  1,200. 

The  parting  is  of  uniform  thickness  but  variable  in 
contents,  the  flint  clay  being  from  1  inch  to  4  inches  thick 
and  the  flint  fire-clay  from  6  inches  to  3  inches.  Bone 
coal  was  found  2  inches  thick  in  the  28  inches  of  coal,  5 
inches  from  the  bottom,  but  it  is  not  constant. 

In  the  list  of  Flag  coal  openings  on  this  creek  must 
be  added  the  Mullins  60  inches  coal  at  the  head  of  this 
fork  given  in  Bulletin  No.  11,  page  103. 


f» » 
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THE  COALS  OF  THE  UPPER  CARR  FORK  AND 

BIG  BRANCH   AND  BULL  CREEK 

REGION  OF  NORTH  FORK  OF 

KENTUCKY  RIVER. 

BY 

James  M.  Hodge. 


This  report  is  in  addition  to  the  previous  one  in  this 
volume  giving  details  of  the  coals  of  Carr  fork  up  to  and 
including  Irishman  creek,  and  comprises  all  data  collect- 
ed early  in  the  year  1913  regarding  the  coals  of  Carr 
fork  and  its  branches  above  Irishman  creek,  as  well  as 
those  of  tributaries  on  the  northwest  side  of  the  North 
fork  of  Kentucky  river,  above  Carr  fork  up  to  and  in- 
cluding Bull  creek. 

In  the  last  decade  there  has  been  an  almost  complete 
abandonment  of  wood  fires  by  the  inhabitants  of  Eastern 
Kentucky,  coal  being  now  in  general  use.  This  has  led 
to  the  making  of  many  openings,  which  during  the  winter 
are  accessible,  but  in  summer  are  often  banked  up  with 
water  falls  of  earth  from  the  mouths  of  entries.  Ex- 
posures enough  remain,  however,  to  give,  in  most  locali- 
ties a  fairly  accurate  knowledge  of  the  bed  best  adapted 
to  local  use,  and  occasional  other  prospecting  helps  to 
carry  correlations  through  the  region  and  give  a  general 
knowledge  of  nearly  all  the  beds  of  the  field. 

Strata  above  drainage  in  this  region  include  about 
600  feet  above  the  Fire-clay  coal  bed  and  250  feet  below 
it,  but  only  in  the  river  hill  between  Big  branch  and 
Bull  creek  can  they  all  be  found  in  one  locality. 

Tlie  principal  bed  of  the  region  is  unquestionably  the 
Fire-clay  coal.  On  it  main  dependence  must  be  placed, 
while  other  beds  are  regarded  as  the  source  of  additional 
supply,  wherever  they  provide  workable  areas.  This 
coal  is  of  workable  thickness  in  all  but  a  few  small  parts 
of  the  region,  as  the  detailed  description  comprising  the 
bulk  of  this  report  shows;  its  principal  coal  seam  (the 
upper  bench)  is  of  exceptionally  good  and  uniform  qual- 
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ity  and  its  under  seam  has  much  good  coal  in  it,  including 
cannel  at  one  point ;  its  roof  is  usually  a  good  sandstone 
even  when  it  appears  as  shale  on  the  outcrop — so  good 
that  the  farmer  miner  will  abandon  a  thicker  coal  in  pre- 
ference to  it,  and  the  bed  is  at  moderately  convenient 
height  throughout  the  region,  covering  probably  over 
three-quarters  of  it. 

The  Whitesburg  bed  seems  to  vary  in  its  distance 
from  the  Fire-clay  coal,  from  about  25  feet  below  it  to  as 
much  as  100  feet,  the  latter  on  Collins  branch  where  it 
is  in  part  cannel  coal.  On  Little  Carr  it  is  also  partly 
cannel,  but  at  neither  place  does  it  add  to  the  value  of  the 
bed.  With  varied  section  including  more  or  less  of  part- 
ings its  workable  area  is  probably  limited  to  Carr  fork 
from  Breeding  to  Branham  creeks,  with  possibly  half  of 
the  branches  included. 

The  Amburgy  bed,  uniformly  200  feet  below  the  Fire- 
clay coal,  is  probably  workable  along  Carr  fork  from 
Irishman  creek  (where  it  is  slightly  below  drainage)  to 
Deer  fork,  but  elsewhere  it  is  too  thin  or  too  much  cut  up 
by  partings,  and  such  condition  is  to  be  expected  of  it 
awav  from  the  immediate  vicinitv  of  Carr  fork,  where  it 
is  below  drainage  and  as  yet  undeveloped. 

Attention  is  here  called  to  a  coal  bed  about  20  feet 
under  the  Amburgy,  very  thin  so  far  as  known,  and  un- 
important, but  remarkable  for  its  persistency. 

Above  the  Fire-clay  coal,  its  rider  and  the  Flag  coal 
are  the  onlv  beds  known  of  workable  thickness  and  suf- 
ficient  area.  The  rider  has  been  found  especially  attrac- 
tive on  Smith  branch,  17i/>  miles  up  Carr,  and  on  Deer 
fork,  but  it  is  generally  either  much  hurt  by  partings  or 
thin. 

The  Flag  coal  continues  in  this  field,  so  far  as  known, 
its  condition  as  shown  lower  down  Carr  and  on  Lost 
creek,  a  good  thick  coal,  generally  without  partings, 
under  a  strong  sandstone  roof.  Wherever  its  area  per- 
mits mining  it  will  be  most  attractive,  but  there  is  proba- 
blv  no  such  area  of  it  above  Bettv  Troublesome. 

The  Hindman  bed  is  lacking  in  area  all  through  this 
region  excepting  on  Betty  Troublesome.  It  retain  its 
height  of  about  530  feet  above  the  Fire-clay  coal. 

The  sandstone  directly  under  the  Haddix  coal  bed 
seems  to  be  particularly  favorable  for  obtaining  good 
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flag-stones  for  local  use,  several  quarries  having  been 
noted  in  that  position. 

For  the  new  railway  up  the  river  good  building 
stones  were  always  obtained  at  convenient  places  in  this 
region  from  near  the  level  of  the  Amburgy  coal  bed. 

The  20  to  30  feet  of  cliff -forming  sandstone  under  the 
Hazard  coal  retains  that  characteristic  in  this  region,  and 
in  that  part  of  it  between  Carr  fork  and  Bull  creek  its 
excessive  hardness  has  been  the  chief  cause  of  the  un- 
usually broad  areas  on  or  near  the  tops  of  the  ridges, 
giving  farms  and  habitations  on  their  comparatively  light 
slopes,  to  which  is  given  the  name  of  ** flat-woods.'' 

Tlie  northwest  dip  of  strata  continues,  wdth  minor 
variations,  up  Carr  fork  to  its  head,  but  along  the  river 
it  is  interrupted  by  a  nearly  level,  apparently  undulat- 
ing, rise  and  fall  from  Carr  fork  to  Bull  creek,  and  a  rise 
up  Bull  creek,  where  normally  the  rocks  should  be  level, 
to  meet  the  rise  up  Carr  and  its  branches  to  opposite  the 
heads  of  Bull  creek. 

In  the  following  detailed  description  is  included  all 
observed  data  of  strata  noted  with  a  view"  to  obtaining 
not  only  the  fullest  knowledge  possible  under  i)resent  con- 
ditions of  development  of  all  workable  beds,  but  also  of 
such  others  as  may  become  workable  in  the  future,  or 
mav  assist  in  correlation. 

Measurements  given  in  inches  are  exact  unless  other- 
wise stated,  given  in  feet  are  approximate  only.  Distances 
in  vards  are  bv  estimation  and  in  miles  as  obtained 
from  mai)s  or  by  report  or  estimation.  In  ascertaining 
distances  uj)  Carr  fork  from  its  mouth,  there  may  be  in 
the  total  a  considerable  error,  but  for  approximate 
distances  from  point  to  point  not  far  apart  they  may  be 
relied  upon. 

Altitudes  of  mouths  of  streams  are  very  nearly  cor- 
rect as  given,  recently  taken  levels  having  been  carried 
over  most  of  the  region.  Altitudes  of  coal  openings  were 
determined  by  barometer,  but,  with  opportunities  for 
reference  to  those  levels  usually  at  hand,  the  altitudes  are 
far  more  reliable  than  were  those  of  former  years. 

Those  entries  are  designated  wet  which  had  water  in 
them  (usually  six  inches  to  a  foot  deep)  which  prevented 
acc(»ss  to  the  face  of  the  coal.  At  them  the  beds  were 
measured  in  outcrop,  so  fas  as  they  admitted. 
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CARR  FORK. 

The  Spencer  Combs  15-yard  wet  entry  on  the  left, 
Vs  mile  above  Irishman  creek,  at  altitude  1,140  (taken 
from  Bulletin  No.  11),  has  the  following  slightly  cor- 
rected section: 

Fire-clay  Coal. 

Sandstone  5  ft. 

Coal  26" 

Flint  clay  6" 

Coal  8" 

Clay    1" 

Coal  8" 

Little  Branch. — On  the  right  of  Carr  fork,  11^ 
miles  up  Carr.    Altitude  of  mouth,  985. 

The  only  opening  on  this  branch  is  the  new  Goodloe 
Bros.  12-yard  entry  at  altitude  1,190,  given  in  Bulletin 
No.  11,  page  103.  A  later  measurement  gives  this  as  fol- 
lows: 

Fire-clay  Coal. 

Shale. 

Coal    34" 

Black   jack   4" 

Flint   clay   5" 

Coal    18" 

The  bottom  one  or  two  inches  of  coal  sticks  to  the 
black  jack  in  mining. 

Smith  Branch. — On  the  right,  11%  miles  up  Carr. 
Altitude  of  mouth,  985. 

On  the  left  of  the  first  left  fork,  %  mile  up  it  and  1^/2 
miles  from  Carr,  Riley  (or  Hillard)  Smith  has  two  long 
entries  in  a  rock-house  at  altitude  1,215,  previously  re- 
ported but  with  new  measurements  given  here.  On  the 
right,  1/4  mile  up  the  second  left  fork  and  1%  miles  from 
Carr,  Riley  Combs  has  a  7-yard  entry  at  altitude  1,210, 
with  section  as  follows  also,  both  entries  being  in  Fire- 
clay coal : 
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Smith    Entry. 

Sandstone  25  ft. 

Shale  1  ft. 

Cpal  33' 

Black   jack   4' 

Flint   clay  3' 


r 


ft 


I" 


Coal  17 

Combs  Entry. 

Sandstone    10  ft. 

Coal  34' 

Black   jack   4' 

Flint   clay   V 

Coal  7" 

Bone  coal   1" 

Coal  2" 

Bone  coal   1" 

Coal  7" 

No  bone  coal  was  detected  in  the  Smith  entry  but  coal 
sticks  to  the  black  jack  as  on  Little  branch,  the  one  merg- 
ing into  the  other  by  almost  imperceptible  changes.  The 
shale  changes  to  sandstone  under  cover. 

On  the  left  of  Carr  fork,  12  miles  up  it,  Shade  Smith 
has  a  prospect  on  the  right  of  the  easterly  small  branch 
by  his  house  giving  the  following  section : 

Fire-clay  Coal. 
Sandstone. 

Shale   5  ft. 

Coal    28' 

Black  jack   4' 

Flint   clay  4' 

Coal  10" 

Bone  coal   4" 

Coal   6" 

Fire  clay  2  ft. 

Sandstone 10  ft. 

This  ox)ening  is  200  feet  above  Carr  and  at  or  near 
this  point  a  coal  bed  rises  to  creek  level  and  continues 
with  it  for  li^  miles  or  more  up  stream,  and  is  the  source 
from  which  the  greater  part  of  the  coal  supply  of  the 
vicinity  is  drawn.  It  is  reported  generally  about  4  feet 
thick,  46  to  50  inches  in  one  instance,  and  this  is  believed 
to  be  nearly  correct.    It  is  said  to  be  without  parting, 
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but,  in  view  of  tlie  partings  found  in  the  bed  where  it 
ris(»s  above  the  creek  this  seems  somewhat  doubtful. 
Partings  under  water  may  escape  discovery.  Over  this 
bed  is  about  50  feet  of  shale. 

In  previous  rei)orts  this  bed  has  been  called  the  Elk- 
horn  bed,  and  came  to  be  regarded  as  the  equivalent  of 
th(*  Elkhorn  coal  now  mined  at  McRoberts  and  Jenkins, 
whereas  it  is  probable  that  it  was  intended  to  be  cor- 
related witli  a  higher  coal — the  Upper  Elkhorn.  Be  that 
as  it  may,  confusion  is  liable  to  result  from  the  use  of 
on(»  nam(»  for  two  beds  and  this  one  is  now  given  the  en- 
tirely new  name  of  **Amburgy"  coal  bed.  AVhere  in 
Bulletin  No.  11,  the  Ellkhorn  coal  is  referred  to  200  feet 
b(»low  the  Fire-clav  coal  this  name  Amburgv  should  be 
substituted,  but  this  does  not  include  the  thick  coal  on 
Boone  fork  and  elsewhen*  about  the  h(»ad  of  the  river, 
which,  like  the  Rockhouse  coal,  is  400  feet  below  the  Fire- 
clav  and  is  the  true  Elkhorn  bed. 

DEFKAT?:r)  Branch. — On  the  right,  12-»i  miles  up 
C^arr.    Altitude  of  mouth,  1,000. 

Ou  the  left,  Vi  mile  u])  a  right  branch,  y^  mile  up 
Defeated  branch,  (•.  C.  Hilton  has  a  2()-yanl  entry  into 
tlw  Fire-clay  coal  at  altitude*  1,215.  Wet  at  the  face,  the 
measurement  foUowing  was  taken  about  half  wav  in.  On 
the  left  of  a  left  drain,  l-^'i  miles  up  Mr.  Hilton  has  an- 
other entry,  barc^ly  uncler  cover,  into  the  same  hod  at  al- 
titude 1,810.    Its  section  also  follows: 

C.  C.   Hilton    No.   1. 

Sandstone   3  ft. 

Coal  20' 

Blark    jack    :v 

Flint    clay     4' 

Coal  W 

Bone   :V' 

Coal  4" 

C.    C.    Hilton    No.   2. 
Massive  sandstone. 

Coal  37 

Black  jack  :\  to  4 

Flint  clay  4  to  3 

Coal  10" 

Bone   Coal   10" 


i'f 


\tt 


I " 
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ft 


ft 


ft 
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•  Two  miles  up  the  creek  to  the  forks  and  up  the  right 
fork,  14  ^^il^  t^  ^  right  branch  and  on  the  right,  i/4  mile 
up  this  and  20  feet  above  it,  C.  C.  Hilton's  four- 
yard  wet  entry  into  the  Fire-clay  coal  at  altitude  1,300 
with  the  section  following.  A  half  mile  up  the  left  fork  two 
miles  up  Defeated,  Vs  ™1^'  ^P  the  left  branch  there,  on 
the  right  of  the  trail  to  Breeding  creek,  Alamanda  Blair 
has  a  20-yard  entry  into  the  same  bed  at  altitude  1,360 
with  section  also  following: 

Hilton. 
Massive  sandstone. 

Shale   3  ft. 

Coal  4" 

Shale  7" 

Coal  40" 

Black   jack   3' 

Flint   clay   4' 

Coal  6' 

Bone  coal  2" 

Coal  4" 

Blair. 
Sandstone. 

Coal 37" 

Black   jack    '. 3' 

Flint  clay 5' 


t" 


Coal  18" 


The  bottom  coal  of  the  Blair  entry  may  contain  bone 
coal,  it  was  not  in  condition  for  close  inspection. 

Breeding  Creek. — (Formerly  Little  Carr.)  On  the 
right,  32%  rniles  up  Carr.    Altitude  of  mouth,  1,000. 

On  the  right  of  a  left  branch,  %  ^il^  ^^P  Breeding 
creek,  Vi  mile  up  the  branch,  James  Bass  has  a  wet  entry 
into  the  Fire-clay  coal  at  altitude  1,225,  with  the  follow- 
ing section : 

Fire-clay   Coal. 

Shale  5  ft. 

Coal  32" 

Black  jack  2" 

Flint  clay  4" 

Coal    10" 

Parting  1" 

Coal 3" 

geo.    32 
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On  the  left,  l^/i  miles  up  is  the  following  exposures: 

Shale  10  ft. 

Block  coal  4" 

Splint  coal  5" 

Black  slate  4" 

Shale  to  creek  6  ft. 

At  altitude  1045. 

Doubtless  this  is  a  rider  to  the  Amburgy  coal  bed, 
whicli  then  is  probably  not  more  than  10  feet  below  water 
level. 

Sur.AR  Branch. — On  the  right,  1%  miles  up  Breed- 
ing creek. 

On  the  left  of  a  right  drain,  14  ^^^  wp  the  branch,  is 
John  Buck 's  5-yard  entry  into  the  Fire-clay  coal,  given  in 
Bulletin  No.  11.    Following  is  a  corrected  section: 

Fire-clay  Coal. 
Shaly  sandstone. 

Coal a2" 

Fire  clay  5" 

Coal  12" 

On  the  left  at  the  branch,  %  mile  up  it,  Jesse  Am- 
burgy has  a  2-yard  entry  into  the  same  bed  at  altitude 
1,305,  with  like  section  but  with  2  inches  of  black  jack 
added  and  2  inches  more  coal  above  that. 

Mallet  Fork. — On  the  right,  1%  niiles  up  Breeding 
creek. 

On  the  right,  ^{s  u^ile  ^ip  the  fork,  at  water  level,  the 
nder  to  the  Amburgy  coal  shows  8  inches  thick  under  20 
feet  of  shale  at  altitude  1,120.  On  the  hill  oposite  this 
John  Hale  has  a  25-yard  entry  into  the  Fire-clay  coal  at 
altitude  1,315.  On  the  right  of  a  left  branch  of  Mallet 
fork,  14  li^ile  np  it  and  the  same  distance  up  the  branch, 
William  Hale  has  an  opening  into  the  same  bed  at  alti- 
tude 1,350.    Sections  of  these  two  openings  follow : 

John    Hale. 

Sandstone 20  ft. 

Coal  27" 

Bony  coal  4" 

Flint  clay  4" 

Coal   12" 
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William   Hale. 

Sandstone 5  ft. 

Coal  32" 

Bone  coal  3" 

Flint  clay  5' 

Coal  12" 

On  the  left  of  a  left  branch,  14  mile  up  Mallet  fork, 
^/^  mile  lip  the  branch,  Noah  Gent  has  a  20-yard  entry 
at  altitude  1,340.  On  the  left  at  the  head  of  Mallet  fork, 
one  mile  up  it,  Daniel  Adams  has  a  20-yard  entry  at  al- 
titude 1,305,  which  if  nearly  correct,  as  it  probably  is, 
^ves  a  reverse  dip  at  the  head  of  this  fork.  Sections 
from  these  two  Fire-clay  coal  entries  follow,  the  Gent 
section  varying  somewhat  from  that  previously  reported : 

Gent. 

Sandstone  8  ft. 

Coal  30" 

Bony  coal  1' 

Flint  clay  4' 


Coal  12" 

Adams. 

Sandstone 10  ft. 

Coal  30" 

Black  jack  4" 

Flint  clay  4" 

Coal  9" 

Left  Fork. — Two  and  one-quarter  miles  up  Breed- 
ing. 

On  the  left  branch,  %  mile  up  this  fork,  on  the  left, 
y^  mile  up  it,  Harlan  Williams  has  a  4-yard  entry  at  al- 
titude 1,380;  and  on  the  right  of  a  drain  on  the  left,  % 
mile  ujj  the  fork,  Fraser  Adams  has  one  of  12  yards.  Both 
are  in  the  Fire-clay  coal  and  they  gave  the  following  sec- 
tions : 

Williams. 

Sandstone  4  ft. 

Coal  29" 

Black  jack  2" 

Mint  clay 4" 

Coal  9" 
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Adams. 

Shaly  sandstone  10  ft. 

Shale 2  ft. 

Cannel   slate   2" 

Clay  1" 

Coal  25" 

Black  jack   1" 

Flint  clay   5" 

Coal  10" 

In  a  left  drain  one  mile  up,  an  old  opening  gives  the 
bed's  altitude  at  1,415  and  at  IVs  mile  up,  where  it  goes 
below  drainage,  it  is  1,425.  This  rapid  rise  of  strata  is 
made  evident  also  in  their  exposure  along  the  stream. 

On  the  left  of  a  left  branch  2%  miles  up  the  creek,  14 
mile  up  the  branch,  George  Breeding  has  a  12-yard  entry 
at  altitude  1,350;  and  on  a  right  branch,  2%  miles  up 
Breeding  creek,  on  the  right,  y^  and  y^  miles  up  the 
branch,  AVilliam  Breeding  has  3-yard  and  10-yard  entries 
at  altitudes  1,390  and  1,400.  These  three  Fire-clay  coal 
entries  give  the  following: 

1350.  139a  1400. 

Sandstone 10  ft.  5  ft. 

Shale  4  ft.  none  7  ft. 

Coal 27"  25"  28" 

Flint  clay 5"  f>"  6" 

Coal 7"  11"  12" 

The  flint  fire-clay  of  the  first  of  these  is  black,  of  the 
second  both  brown  and  black  and  of  the  third  brow^n  only. 

On  a  left  branch  3  miles  up  Breeding  creek,  on  the 
right,  ^/4  mile  up  it,  beside  the  road  to  Wolf -Pen  branch, 
William  Johnson  has  a  long  entry  at  altitude  1,390,  and 
on  the  right,  3V2  miles  up,  beside  the  road  to  Rockhouse 
creek,  y^  mile  from  the  gap,  James  Breeding  has  one 
at  altitude  1,395.  Sections  of  these  two  Fire-clay  coal 
openings  follow : 

Johnson. 
Thin  bedded    sand- 
sandstone  5  ft. 

Black  slate  4" 

Clay  11" 

Coal  27" 

Flint  clay  6" 

Coal  12; 
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Breeding. 

Sandstone 5  ft. 

Shale  6  ft. 

Cannel    coal    1" 

Coal  25" 

Flint  clay  6" 

Coal  12" 

The  latter  entry  is  but  85  feet  below  the  gap  to 
Eockhouse  creek,  but  tlie  hills  are  high  enougii  to  give 
the  bed  large  area. 

In  a  left  branch,  ]3Vj  miles  up  Carr  fork,  %  mile 
up  the  branch,  Samuel  Francis  has  a  pit  from  which, 
apparently  30  inches  of  good  block  coal  is  taken,  but  the 
lower  half  being  hidden  in  water,  was  not  seen  in  place. 
With  an  altitude  of  1,115,  it  is  probably  of  the  Whites- 
burg  bed,  though,  being  about  70  feet  under  the  Fire-clay 
coal,  the  interval  is  large  for  that  correlation.  The  rock 
covering  was  not  seen  and  cannel  coal  and  slate  may 
cover  the  bed  as  thev  do  on  Little  Carr  not  far  distant. 

The  Fire-clay  coal  is  opened  on  the  same  branch,  on 
the  right,  14  niile  up  it,  where  a  6-yard  entry  gives  the 
following : 

Fire-clay  Coal. 

Sandstone 8  ft. 

Shale  1  ft. 

Coal  30" 

Black  jack  3" 

Flint  clay  4" 

Coal  10" 

Shale  5" 

Coal  4" 

Altitude,  1190. 


On  the  right,  14  miles  up  Car,  Henry  Blair  ias  a 
2-yard  entry,  3  feet  above  the  creek,  into  the  Amburgy 
coal,  which  here  makes  its  first  appearance  above  water 
level.    The  following  section  was  obtained  here : 
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Amburgy  Coal. 

Shale  5  ft. 

Coal  3" 

Shale  10  ft. 

Coal  2" 

Shale  6" 

Coal  1" 

Shale  3" 

Coal  38" 

Black  slate  2" 

Fire  clay  2  ft. 

Sandstone  in  creek. 
Altitude,   1010. 

The  bed  is  at  creek  level  100  yards  farther  up.  At 
l^Ys  miles  up,  a  prospect  into  this  bed  gives  37  inches 
of  coal  with  an  inch  of  black  slate  3  inches  from  the  top. 
At  the  mill,  I414  miles  up,  30  to  40  feet  of  shale  are  ex- 
posed over  the  coal  with  massive  sandstone  above  the 
shale.  On  the  left  of  the  creek  and  road,  15%  miles  up 
Carr,  the  bed  gives  the  following  section : 

Amburgy  Coal. 

Shale  5  ft. 

Coal  1" 

Shale  10" 

Coal  3" 

Slate  2" 

Coal  34" 

Shale  1" 

Coal  3" 

AlUtude,  1030. 

On  the  right,  I514  miles  up  Carr  (below  Little  Carr) 
this  bed  has  in  its  main  seam  only  27  inches  of  coal  under 
3  feet  of  shale  and  then  5  feet  of  sandstone.  This  mas- 
sive sandstone  can  be  seen  for  a  mile  down  the  creek, 
about  10  feet  above  the  coal,  but  farther  down  its  place 
is  occupied  by  shale.  Besides  this  entry  a  rider  appears 
to  start  from  the  coal.  It  is  a  continuous  feature  farther 
up  the  creek. 

A  quarter  mile  to  the  left,  15^4  miles  up  Carr  fork 
opposite  the  mouth  of  Little  Carr,  Andrew  Combs  has 
an  abandoned  prospect  into  cannel  coal  at  altitude  1,155, 
from  which  blocks  a  foot  thick  were  taken.    The  place 
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was  abandoned  because  unsuitable  for  opening  rather 
than  because  of  thin  coal.  An  entry  into  the  bed  has  been 
made  a  half  mile  up  Little  Carr. 

Little  Carr. — (Formerly  Amburgy  branch.)  On 
the  right,  151/4  miles  up  Carr  fork.  Altitude  of  mouth, 
1,020. 

On  the  right,  14  i^il^  ^P?  H.  H.  Amburgy  has  a  12- 
vard  wet  entry,  15  feet  above  the  creek  from  which  the 
following  was  obtained: 

Amburgy  Coai. 

Shale  10  ft. 

Coal  15" 

Shale 1    ft. 

Black  slate  1" 

Coal  2" 

Shale  2" 

Coal  36" 

Altitude,  1045. 

On  the  right  of  a  left  branch,  y^  mile  up  Little  Carr, 
%  mile  up  the  branch,  Floyd  Taylor  has  a  10-yard  entry 
into  the  Whitesburg  bed  about  50  feet  under  the  Fire-clay 
coal.   Its  section  is: 

Whitesburg    Coal. 

Shale  10  ft. 

Cannel  slate  12" 

Cannel  coal  6" 

Block  coal 6" 

Slate  and  pyrite 1 ' 

Block  coal  37" 

Altitude,   1200. 

The  block  coal  is  particularly  bright  and  rich-look- 
ing; the  6  inches  of  cannel  looks  very  good  but  its  weight 
betrays  a  large  amount  of  ash.  There  is  no  definite  plane 
of  change  from  the  cannel  to  the  coal  below  or  to  the  slate 
above  it,  one  merging  into  the  other. 

On  the  right,  I14  mlies  up  Little  Carr,  a  lone  ex- 
posure of  cliff  with  entries  5  feet  above  the  creek,  gives : 
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Ambui-fly  Coal. 

Shale  IE  ft. 

Coal  12" 

Shale  with  calcareous 

coQcretion3....2K  to  4  ft. 

Coal  2" 

Shale  8" 

Coal 30" 

Shale  1" 

Coal  4" 

Shale  and  coal 5  ft. 

Thin-bedded  sandstone  In 

creek. 

Altitude,  1070. 

\Voi.f-Pen  Branch. — On  the  right,  1Y_>  miles  up 
Little  Carr.  Altitiulo  of  mouth,  1,075. 

On  the  right,  '^  mile  up  the  branch  and  3  feet  above 
it  is  the  following  in  ontcroji: 

Amburgy   Coai. 

Shaly  saDdBtone 5  rt. 

Coal  1" 

Shale   1" 

Coal  2" 

Shale  12" 

Coal  28" 

Bony  coal  2" 

Shale  1" 

Coal  9" 

Altitude.  1090. 

Coal  in  the  branch,  Vj.  mile  up,  altitude  1,120,  is 
probably  of  the  ri<ler,  not  seen  in  the  preceding  section. 

On  the  right,  y^  mile  up  Leek  branch,  which  is  on 
the  right,  V/^  miles  up  Wolf-Pen,  B.  F.  Hammond  has  an 
opening  into  the  Fire-clay  coal  at  altitude  1,380.  On  the 
right  of  Wolf -Pen,  IVl-  miles  up,  Joseph  Raleigh  has  a 
]0-yard  entry,  into  the  same  bed  at  altitude  1,400,  140 
feet  above  the  creek.  The  sections  of  the  Fire-clay  coal 
at  these  two  places  are : 

Hammond. 

Sandstone  5  tt. 

Coal    26" 

mm  clay  4  to  6" 
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Raleigh. 

Shale   6  ft. 

Coal  29" 

Flint  clay  6" 

Coal  12'' 

On  the  right,  1%  miles  up  Wolf -Pen,  Tandy  Amburgy 
has  a  25-yard  entry  with  the  following  section,  measured 
at  the  face : 

Fireclay  Coal. 

Shale 8  ft. 

Coal  32" 

Black  jack  6" 

Cannel  coal  24" 

Altitude.   1395. 

The  impression  prevails  that  this  is  the  same  bed 
-that  is  opened  into  cannel  coal  near  the  mouth  of  Little 
Carr  (the  Whitesburg  bed),  and  its  altitude,  as  obtained, 
^s  indicative  of  that  bed,  but  the  cannel  in  this  entry  is 
at  the  bottom  of  the  bed,  whereas  in  the  other  it  is  at  the 
top,  and  the  usual  black  slate  covering  of  the  Whites- 
burg bed  in  wanting.  Moreover  the  parting,  though  not 
the  almost  invariable  accompaniment  of  the  Fire-clay 
coal,  the  brown  flint  fire-clay,  is  just  such  a  compound  of 
fire-clay  and  black  slate  as  is  found  at  nearly  every  open- 
ing of  the  Fire-clay  coal  bed  on  Carr  fork  waters,  and 
never  but  once  anj^vhere,  by  the  writer,  in  the  Whites- 
burg bed.  The  conclusion  then  is,  either  that  the  baro- 
metric altitude  is  incorrect,  or  that  a  reversal  of  the  up- 
stream rise  of  strata  occurs  on  the  head  of  Wolf -Pen. 
No  reversal  has  been  foimd  elsewhere  on  Little  Carr. 

The  cannel  of  this  opening  is  fine-looking  and  light  in 
weight.  Analyses  of  bituminous  coal  and  cannel  both 
are  taken  from  Bulletin  No.  11 : 

Fire-clay  Coal.                                                 Bituminous.  Cannel. 

Moisture 5.46  0.26 

Volatile  combustible  matter  31.08  47.94 

Fixed  carbon  57.46  44.86 

Ash   5.40  6.94 

Sulphur  0.488  0.751 

Specific  gravity    1.385 
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The  caniiel  is  said  to  be  explosive  in  burning. 

Across  the  divide  at  the  head  of  Wolf-Pen,  on  the 
head  of  Stamper  branch  of  Rockhouse  creek,  about  a  mile 
east  of  the  preceding,  Cordelia  Hammon  has  a  closed 
entry  in  which  is  over  5  feet  of  block  and  splint  coal, 
(probably  including  2  inches  of  slate  found  in  the  dump) ; 
its  altitude  1,940. 

This  is  probably  of  the  Hindman  bed,  quite  possibly 
the  77  inches  coal  with  4  inches  parting  given  in  Bulletin 
No.  ]  1,  i)age  108,  as  no  other  such  opening  was  found  in 
the  vicinity.  It  indicates  nearly  level  strata  from  the 
cannel  opening  on  Wolf-Pen.  Being  100  feet  above  the 
Wolf-Pen  gap,  with  little  area,  its  value  lies  only  in  local 
use. 

On  the  right,  two  miles  up  little  Carr  is  a  12-yard 
entry,  3  feet  above  the  creek,  where  the  following  sec- 
tion was  obtained,  the  lower  seams  measured  half  way  in : 

Amburgy  Coal. 

Sandstone    5    ft. 

Shale    20    ft. 

Coal  5" 

Shale   12    ft. 

Coal  3" 

Shale    20" 

Coal  3" 

Shale  1" 

Coal  30" 

Altitude,   1115. 

LiTTi.E  DouBi.E  Branch. — On  the  right,  2%  miles  up 
Little  Carr.    Altitude  of  mouth,  1,125. 

The  three  sections  following  give  the  only  openings 
now  on  this  branch.  The  first  is  on  the  right  of  a  left 
drain,  i<<  mile  up  the  branch;  Jesse  Pigman's  8-yard  wet 
entry ;  the  second  is  on  the  right,  %  mile  up,  Jack  Ham- 
mond's  wet  entry;  and  the  third  is  on  the  left,  %  mile 
up,  William  Ward's  entry.  They  are  all  in  the  Fire-clay 
coal  at  altitudes  1,380,  1,390  and  1,400,  respectively: 


Hammond. 

Ward. 

5 

ft. 

0 

-10    ft 

32" 

..32" 

3" 

..  6" 

4" 

........... .......... . 

...  0 

0 

..   1" 

13" 

....  9" 
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Pigman. 

Sandstone  10  ft. 

Shale  3  ft. 

Coal  30" 

Black  jack  3" 

Flint  clay   4" 

Bone  coal  0 

Coal    11" 

It  is  to  be  noted  that  in  the  third  section,  nearest  to 
the  cannel  coal  on  Wolf -Pen,  the  flint  fire-clay  is  absent, 
as  in  the  cannel  opening. 

Big  Double  Branch. — On  the  right,  2i^  miles  up 
Little  Carr.  Altitude  of  mouth,  1,130. 

On  the  left  at  the  mouth  of  the  branch  a  prospect 
gives  the  following: 

Amburgy   Coal. 
Shale. 
Coal. 

Shale    3   ft. 

Block    coal    26" 

Slate  2" 

Coal    2" 

Altitude,  1150. 

The  three  sections  given  next  are,  first,  from  i/4  mile 
up  left  branch,  %  mile  up  Big  Double  branch,  Andrew 
Case 's  7-yard  entry ;  second,  from  the  left  of  a  left  drain, 
i/s  mile  up  it,  Vo  mile  up  Big  Double,  Jefferson  Amburgy 's 
6-yard  entry ;  third,  from  on  the  right,  across  the  hollow 
from  the  second,  80  yards  southeast  of  it,  W.  F.  Am- 
burgy's  25-yard  entry.  These  are  all  in  the  Fire-clay 
coal,  at  altitudes  1,385,  1,350,  1,370,  respectively: 

Case.  J.  Amburgy.  W.  F.  Amburgy. 

Sandstone  1  ft.  1    ft.  

Shale  8  ft.  0 2  ft 

Coal  34"  32"  -. 37" 

Flint  clay 6"  6"  5 ' 

Coal  12"  9" 8" 

Jenny  Lewis  branch  is  on  the  left,  %  mile  up  Big 
Double.  On  the  right  of  the  branch  i/4  mile  up  it,  Jasper 
Amburgy  has  a  25-yard  entry,  its  section  following: 
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On  the  left  of  the  right  fork  of  Big  Double  at  its 
head,  V/:>  miles  from  its  mouth,  Liiidsey  Amburgy  has 
a  15-yard  entry  with  the  section  following.  Both  of  these 
are  in  the  Fire-chiy  coal,  at  altitudes  1,375  and  1,410, 
respectively : 

Jasper  Amburgy. 

Shale    10    ft. 

Coal    34" 

Flint  clay  2" 

Coal   5" 

Lindsey   Amburgy. 
Shaly   sandstone   ....   6   ft. 

Coal    34" 

Bony  coal   2" 

Flint  clay   6" 

Coal    6" 

On  the  right  of  Little  Carr,  2%  miles  up  it,  Vs  ^^^i^^ 
above  Big  Double,  tlie  Amburgy  bed  shows,  at  altitude 
1,145,  10  feet  above  the  creek,  30  inches  of  coal  with  a 
knife-edge  of  shale  3  inches  from  the  top. 

Stillhouse  Branch. — On  the  left  2%  miles  up  Little 
Carr. 

The  Wliitesburg  coal  shows  its  covering  in  a  thick 
bed  of  black  slate  up  this  branch  the  coal  under  it,  re- 
ported two  feet  thick,  being  at  altitude  1,285. 

On  the  right  of  the  branch,  VL»  ii^iJ^  ^^P  it,  George 
Gibson  has  an  8-vard  wet  entrv,  the  main  coal  seam  re- 
ported  about  28  inches  thick  with  parting  and  lower  coal 
each  about  4  inclies.  Two  feet  of  shale  and  then  5  feet  of 
sandstone  overlie  it.    Its  altitude  is  1,350. 

The  top  seam  of  the  Amburgy  coal  goes  under  the 
creek  at  the  mill,  3  miles  u^)  Little  Carr. 

Left  Fork. — On  the  left,  3%  miles  up  Little  Carr. 

There  are  two  entries  into  the  AVhitesburg  bed,  each 
1/4  iiiilt^  lU^  this  fork  and  at  altitude  1,355,  one  on  the 
left,  the  J.  AV.  Collins  8-yard  entry,  having  38  inches  of 
coal  under  10  inches  of  black  slate,  the  other  on  the 
right,  the  Xaiicy  Gent  5-yard  wet  entry,  having  34  inches 
of  coal  imder  3  feet  of  black  slate. 
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The  Fire-clay  coal  is  opened  on  the  right,  %  mile  up 
the  fork  in  Tandy  Martin's  5-yard  wet  entry,  at  alti- 
tude 1,430.  More  than  2i/o  feet  of  coal  was  visible,  under 
3  inches  of  black  slate  and  20  feet  of  shale,  in  the  middle 
of  which  is  IVo  feet  of  sandstone.  This  thin  sandstone 
shows  in  shale  or  earth  over  the  Fire-clay  coal  at  several 
places  in  this  vicinity. 

Rkiht  (Main  Road)  Fork. — On  the  right,  3%  miles 
up  Little  Carr. 

On  the  right  of  the  fork,  %  mile  up  it,  Robert  Collins 
has  a  15-yard  wet  entry  at  altitude  1,450,  showing  38 
inches  of  the  main  seam  of  the  Fire-clay  coal  under  10 
feet  of  shale.  Nine  inches  more  coal  is  reported  under 
the  parting  below.  In  the  point  of  the  hill  on  the  way  up 
to  this  entry  the  black  slate  of  the  Whitesburg  bed  crops 
out  at  altitude,  1,385. 

On  the  left,  %  mile  up  this  fork,  Charles  Logan  has 
a  15-vard  entry  into  the  Fire-clav  coal  at  altitude  1,450, 
having  34  inches  of  coal  under  2  inches  of  black  slate, 
tlien  6  feet  of  slialy  sandstone  and  then  3  feet  of  massive 
sandstone.  The  dump  gave  black  flint  fire-clay  about  6 
inches  thick. 

Tlie  Amburgy  coal  bed  continues  up  Carr  Fork 
slightly  above  the  stream.  A  section  of  the  bed  as  ex- 
posed beside  the  road,  on  the  left,  %  mile  above  the  mouth 
of  Little  Carr,  is  given,  with  analyses,  in  Bulletin  No.  11, 
pages  105  and  106.    Its  altitude  is  exactly  1,030. 

Betty  Troi'blesome. — On  the  left,  15%  miles  up 
Carr  Fork.   Altitude  of  mouth,  1,030. 

Dice's  (or  Stillhouse)  Branch. — On  the  left,  y^ 
mile  up  Beatty's  Troublesome. 

On  the  right,  %  ^™^^  ^^P  this  branch,  AV.  F.  Bentley 
has  a  6-vard  entrv  with  the  following  section: 

Fire-clay   Coal. 

Shale  5  ft. 

Coal  28" 

Flint  clay  3" 

Coal    7" 

Bone  coal  2" 

Coal    9" 

Black  slate  3" 

Altitude,  1195. 
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Deadman's  Branch. — On  the  right,  I/4  mile  up  Betty 
Troublesome. 

On  the  left,  -^  mile  up  the  branch,  10  feet  above  it, 
a  foot  of  the  coal  of  the  Whitesburg  bed  is  exposed,  under 
3  feet  of  black  slate,  but  no  attempt  to  open  it  has  been 
made.    Its  altitude  is  1,180. 

Thirty  feet  higher  about  the  same  thickness  of  the 
Fire-clay  coal  outcrops,  altitude  1,210. 

On  the  left,  ^/4  ^^^  ^P  ^  l^ft  branch,  %  mile  up  Betty 
Troublesome,  JelTerson  Hall  has  a  wet  entry  from  which 
the  following  was  obtained :  ^ 

Shale  3  ft. 

Coal    26" 

Black  Jack  4" 

Flint  clay  3" 

Coal    10" 

Black  slate  3" 

The  bottom  coal  and  slate  measure  13  inches;  the 
proportion  given  of  each  may  be  slightly  erroneous. 

Turkey-Pen  Branch. — On  the  left,  1  mile  up  Betty 
Troublesome.    Altitude  of  mouth,  1,088. 

On  the  right,  Vi  ^^^  up  a  left  branch,  %  mile  up 
Turkey-Pen,  Noah  Eeynolds  has  a  wet  entry  but  with  an 
exceptionally  good  opportunity  to  measure  the  bed  at  the 
outcrop. 

On  the  left  %  "lil^  ^P  Turkey-Pen,  20  feet  above  it, 
Reuben  Amburgy  (or  Nicholas  Combs)  has  a  10-yard 
entry.  Both  of  these  entries  are  in  the  Fire-clay  coal,  at 
altitudes  1,180  and  1,220,  respectfully,  and  sections  of 
them  follows : 

Reynolds. 

Shale  2   ft. 

Coal  6" 

Shale   6  ft. 

Coal  26" 

Black  jack  6" 

Flint  clay  3" 

Coal  1" 

Bone  coal  1" 

Coal  _ ^ 11" 
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Amburgy's. 
Sandstone. 

Shale  3  ft. 

Coal  28" 

Black  jack   4" 

Flint  clay   2" 

Coal  14" 

In  the  central  peak  at  the  head  of  Turkey-Pen,  I14 
miles  from  its  mouth,  Marion  Tolliver  has  an  entry  into 
the  Flag  coal,  at  altitude  1,625,  giving  54  inches  of  fine 
bright  block  coal,  the  lower  half  hard,  under  ly*}  feet 
of  shale  and  4  feet  of  sandstone.  The  area  of  the  bed 
here  is  very  small. 

An  attempt  was  made  in  former  prospecting  to  get  a 
full  section  of  the  coals  on  the  right,  1^4  niiles  up  Betty 
Troublesome,  at  Leander  Parks'.  FolloAving  are  the  re- 
sults obtained  from  recent  examination  there :  The  open- 
ings were  made  so  nearly  over  one  another  that  dip  may 
be  disregarded. 

Altitude. 

High   peak    1865 

Prospect,  2  feet  coal  seen,  reported  88  inches 1675 

Prospect,  2^  feet  coal  seen,  reported  62  inches 1630 

Prospect,   covered   coal,   probably   thin 1325 

Prospect,    Fire-clay    coal    rider 1270 

8-yard   entry — Fire-clay   coal    (in   full   below) 1240 

Prospect— Whitesburg    coal,    1^    feet 1210 

Creek  1120 

The  AVhitesburg  bed  is  recognized  by  its  4  feet  of 
black  slate  covering,  over  which  is  shaly  sandstone. 

The  Fire-clay  coal  bed  has  28  inches  of  coal  in  its 
main  seam,  and  bottom  coal  of  about  13  inches,  with  black 
jack  and  flint  fire-clay  parting  of  only  5  inches.  Three 
feet  of  shale  is  exposed  over  the  entry.  The  rider  ap- 
pears to  be  thin. 

The  two  high  beds  of  the  section  are  believed  to  be  of 
the  Flag  and  Hindman  beds  with  a  possible  error  in  al- 
titude of  the  latter  to  account  in  part  for  the  proximity 
of  the  two.  If  such  is  the  case  the  interval  from  the  Fire- 
clay coal  to  the  Flag,  390  feet,  corresponds  nearly  with 
results  obtained  heretofore. 
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The  higher  coal  still  has  covering  enough  over  it  to 
admit  of  mining  a  fairly  good  area  in  this  ridge,  and  no 
where  else  is  so  large  an  area  of  this  coal  so  near  to  a 
large  stream. 

On  the  right  of  a  right  branch,  IV2  miles  np  Betty 
Troublesome,  y^  mile  up  the  branch,  Silas  Martin  has 
an  8-yard  entry  into  the  Fire-clay  coal  at  altitude  1,240, 
and  a  5-yard  wet  entry  into  the  Whitesburg  bed  40  feet 
lower.    The  sections  of  these  follows : 

Fire-clay  Coal. 

Sandstone 2  ft. 

Shale  2  ft. 

Coal  30" 

Black  jack  5" 

Flint  clay  2" 

Coal  12" 

Whitesburg   Coal. 

Shale   5   ft. 

Coal  1" 

Shale  2" 

Coal  4" 

Shale  2" 

Coal  22" 

Shale  1" 

Coal  5" 

The  total  thickness  of  the  bed  measures  41  inches, 
leaving  four  inches  at  the  bottom  which  could  not  be  de- 
termined in  the  deep  water. 

On  the  left  of  a  right  branch,  1%  miles  up  Betty 
Troublesome,  %  mile  up  the  branch,  Thomas  Hall  has 
10-yard  and  4-yard  entries  into  the  Fire-clay  and  Whites- 
burg coals,  at  altitudes  1,260  and  1,230,  respectively,  with 
the  sections  following: 

Fire-clay  Coal. 

Sandstone  5  ft. 

Sandy  shale  6  ft. 

Coal  30" 

Black  jack 

and 

Flint  clay  6" 

Coal  10" 
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Whitesburg    Coal. 

Sandstone  15  ft. 

Shale  1  ft. 

Coal  1" 

Shale   1   to   6" 

Coal  6" 

Shale  r 

Coal  24" 

Shale    6" 

Coal  6" 

Nicholas  Combs  has  a  closed  entry  into  the  Whites- 
burg bod,  214  niiles  up  the  creek,  at  altitude  1,220.  The 
Fire-clav  coal  shows  above  it  at  1,250. 

On  the  left,  21/0  miles  up,  is  a  4-yard  wet  entry  into 
the  Fire-clay  coal  at  altitude  1,245,  having  in  its  main 
seam  29  inches  of  coal  and  about  9  inches  coal  under  a 
parting  of  8  inches  black  jack  and  flint  clay.  Eight  feet 
of  shale  is  exposed  above  it. 

In  the  peak  at  the  head  of  the  creek,  three  miles  from 
its  mouth,  Jasper  Amburgy  has  a  1-yard  entry  with  the 
following  section : 

Flag  Coal. 

Shale    10    ft. 

Coal  46" 

Black  slate 5" 

Coal  8" 

Altitude.   1650. 

The  broad  top  of  the  ridge  about  60  feet  lower  is  due 
to  the  cliff  sandstone  under  the  Hazard  coal  bed. 

On  the  left  of  tlie  road  and  of  Carr  Fork,  I6I/2  miles 
up  and  20  feet  above  it,  at  altitude  1,055,  the  Amburgy 
bed  has  been  driven  under  cover  with  top  coals  and  part- 
ings substantially  the  same  as  follow  in  the  section  below 
and  bottom  seam  of  coal  half  covered.  On  the  left  by  the 
road,  16^4  niil^s  up  Carr,  this  section  was  obtained: 

Amburgy  Coal. 

Shale    10    ft. 

Coal  9" 

Shale  9" 

Coal  2" 

Shale  4" 

Coal  34" 

Shale  to  creek  at  1040. 

Altitude,  1055. 
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On  the  right,  16%;  miles  up  Carr,  J.  E.  Stamper  has 
an  opening  into  the  same  bed  at  altitude  1,080,  showing 
about  21/2  feet  of  coal  at  the  bottom,  16  inches  parting 
and  3  inches  more  of  coal  at  the  top,  with  8  feet  of  shaly 
sandstone  above  it. 

Buckeye  Branch. — On  the  right,  17  miles  up  Carr. 
Altitude  of  mouth,  1,045. 

On  the  right,  1/0  mile  up  the  branch,  J.  E.  Stamper 
has  a  6-yard  entry  into  the  Fire-clay  coal  at  altitude  1,280. 
The  main  seam  is  30  inches  thick  and  that  only  has  been 
mined.  The  flint  clay  parting  is  5  inches  or  more  thick 
and  8  inches  of  coal  is  reported  under  it.  Three  feet  of 
sandstone  covers  the  bed. 

On  the  left,  17i/s  miles  up  Carr,  and  on  the  right  of 
the  branch  at  Spider  postoffice,  John  Banks  has  an  8-yard 
entry  into  the  Amburgy  coal  at  altitude  1,085,  with  30  to 
32  inches  of  coal  under  12  inches  of  shale  and  with  2 
inches  of  coal  above  that,  and  20  feet  of  cliff  sandstone 
overlying  the  bed.  The  change  from  the  long  series  of 
exposures  of  apparently  true  clay  shales,  found  below  on 
the  creek,  to  this  massive  sandstone  is  very  striking.  A 
quick  return  to  shale  follows. 

Smith  Branch. — On  the  left,  171/4  miles  up  Carr. 
Altitude  of  mouth,  1,055. 

On  the  right,  1^  mile  up  this  branch,  an  8-yard  entry 
gives  the  following: 

Amburgy  Coal. 

Shale   3   ft. 

Coal  ; 3" 

Shale   2   ft. 

Coal  25" 

Black    slate    2" 

Altitude,  1075. 

A  little  coal  may  be  under  the  slate,  the  bottom  not 
having  been  seen. 

On  the  left  of  a  left  branch,  Vii  mile  up  Smith  branch, 
Vs  mile  up  the  left  branch,  Benton  Stampers  has  a  2-yard 
entry  into  the  AVhitesburg  coal  at  altitude  1,240,  and  a 
12-yard  entry  into  the  Fire-clay  coal  rider,  at  altitude 
1,290.    Sections  of  these  follow: 
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Whitesburg  Coal. 

Shale  4   ft. 

Black  slate  1^  ft. 

Coal  22" 

Fire-clay   Coal    Rider. 
Shale. 

Coal  5" 

Shale    14    to    1" 

Coal  27" 

Slate    2" 

Coal  4" 

The  slate  in  tlie  rider  is  soft  with  contained  coal  and 
mav  be  but  little  deleterious. 

On  the  same  left  branch,  14  ^^^  ^P  it,  Mr.  Stampers 
has  a  6-yard  wet  entry  into  the  Fire-clay  coal  at  altitude 
1,290,  on  the  level  of  the  preceding  rider  coal  opening. 
This  entry  shows  about  40  inches  of  coal,  probably  in- 
cluding 2  inches  of  black  jack  found  in  the  dump.  A  foot 
of  shale  covers  the  coal,  on  which  is  sandstone  in  a  slight 
roll  which  appears  not  to  have  effected  the  coal. 

On  the  right  of  a  left  branch,  ll^  miles  up  Smith 
branch,  from  %  to  %  mile  up  the  left  branch,  on  Ezekiel 
Caudill's  land,  three  beds  show  within  50  feet  vertically. 
These  are  the  Whitesburg,  at  altitude  1,205,  with  24 
inches  of  coal  under  3  feet  of  black  slate,  in  a  slip  which 
may  not  show  all  of  the  coal ;  the  Fire-clay  coal  in  a  15- 
yard  entry  at  altitude  1,235,  and  the  rider  in  a  4-yard 
entry  at  altitude  1 ,250.    The  last  two  give : 

Fire-clay  Coal. 

Shale  4  ft. 

Coal  28" 

Mint  clay  4^' 

Coal  11" 

Fire-clay  Coal    Rider. 

Shale  6  ft. 

Coal  5" 

Shale   1" 

Coal  25" 

Black  slate  3" 

Coal  2" 

Black  slate  1" 

Coal  9" 
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Tho  bottom  soam  of  the  Fire-clay  coal  is  a  good  hard 
block  with  one  inch  splinty;  the  toi)  is  especially  noted 
her(»  as  having  no  cleavage  planes,  general  absent  in  Carr 
Fork  openings. 

On  the  right,  ly^  miles  up  Smith  branch,  Robert 
Pigman  has  a  K)-var(l  entrv  into  the  Fire-clav  coal  rider 
at  altitude  1,260,  and  two  miles  ui),  a  6-yard  entry  into 
the  same  bed  at  1,285.  Sections  of  these  two  entries  fol- 
lows : 

Altitude,   1260. 

Shale   3   ft. 

Coal  2" 

Clay  ^  to  2" 

Coal  , 5" 

Clay  1" 

Coal  40" 

Black  slate  5" 

Coal  5" 

Altitude,    1285. 
Sandstone. 

Shale  4  ft. 

Cannel    slate   2" 

Shale  3" 

Coal  30" 

Black  slate. 

On  the  right,  2  Vs  niiles  up,  the  top  of  the  AVhitesburg 
bed,  at  altitude  1,250,  shows  a  foot  of  coal  under  4  feet 
of  black  slate. 

The  l)ed  with  th(»  two  (^nti'ies  is  correlated  as  the 
rider,  because*  of  th(»  similarity  of  these  sections  mth 
those  ill  this  bed  farther  down  the  branch,  and  the 
Whitivsburg  bed  b(»cause  of  its  black  slate  roof.  There 
seems  to  b(»  no  room  for  doubt  in  this,  though  it  leaves 
littl(»  space  for  the  intermediate  Fire-clay  coal. 

By  tli(»  road,  on  the  left,  18Vi  miles  up  Carr,  at  the 
mouth  of  an  entry,  at  altitude  1,080,  and  again  on  the 
h»ft,  18'»/|  miles  up  (^arr,  in  J.  AV.  Reedy 's  8-yard  entry, 
at  altitude  1,095,  the  following  sections  were  obtained: 
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Amburgy  Coal. 
Altitude  1080.  Altitude,  1095. 

Shale  : 6  ft 10  ft. 

Coal  : 2"  0 

Shale  : 34"  0 

Coal  28"  26" 

Black  slate  1"  2" 

Clay    u  1" 

Coal  3"  2" 

Those  sections  are  particularly  remarkable  in  showing  a 
close  resemblance  to  the  fire-clay  coal  rider  on  Smith 
branch,  a  bed  200  feet  higher  in  the  series  of  strata. 

This  coal  showing  in  the  road  opposite  the  mouth  of 
Deer  Fork  lies  about  30  feet  below  the  Amburgy  bed. 

Deer  Fork. — On  the  right,  19  miles  up  Carr.  Alti- 
tude of  mouth,  1,065. 

On  the  right,  14  ^^^^^  ^P  this  fork  is  a  coal  about 
one  foot  thick,  under  shale,  at  water  level  and  altitude 
1,075. 

On  the  left,  %  miles  up,  Mrs.  Mary  Amburgy  has  a 
6-yard  entry  with  the  following  section: 

Amburgy  Coal. 

Massive  sandstone  ....15  ft. 

Coal   6" 

Shale  1" 

Coal  18" 

Black  slate  2" 

Coal  2" 

Altitude,  1095. 

Fifteen  feet  of  thin  bedded  sandstone  down  to  the 
creek,  underlies  the  bottom  clay  of  this  opening.  xVgain 
there  is  a  change  of  covering  to  massive  sandstone,  which 
continues  till  it  goes  below  drainage  a  half  mile  farther 
uj)  this  fork.  ■    ■•'^^nO 

At  %  mile  up  is  a  left  fork.  On  the  left  of  this,.%  /jj^ 
mile  up  it,  Hiram  Pratt  has  a  10-yard  wet  entry  with  ther 
following  section : 
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Fire-clay  Coal  Rider. 

Sandstone    3  ft. 

Shale  2  ft. 

Coal  1" 

Shale  3" 

Coal  4" 

Shale  3" 

Coal  23" 

Shale  1" 

Coal  22" 

Altitude,  1350. 

Othor  openings  into  tliis  or  adjacent  beds  have  been 
made  on  this  fork,  but  none  were  in  condition  to  meas- 
ure when  visited.     Strata  rise   rapidly  up   stream. 

On  the  right  fork  and  left  of  the  branch  and  road 
to  Little  Carr,  %  mile  from  the  gap,  1^4  miles  from 
Carr  fork,  is  Seymour  Amburgy's  30-yard  entry  into 
37  inches  of  the  main  seam  of  the  Fire-clay  coal  bed,  at 
altitude  1375.  The  floor  is  l)lack  jack  and  a  foot  of  coal 
is  reported  under  the  parting.  Ten  feet  of  shaly  sand- 
stone is  exposed  over  the  entry. 

On  the  right,  Ji^  miles  uj)  the  main  right  fork,  W. 
B.  Smith  has  a  wet  entry  into  the  AVhitesburg  bed,  at 
altitude  1375,  having  37  inches  of  clean  coal  under  5 
feet  of  shale. 

Above  the  preceding  is  an  8-yard  entry  with  the  fol- 
lowing section: 

Fire-clay  Coal. 
Shaly  sandstone. 

Shale  2" 

Coal  5" 

Shale  1" 

Coal  15" 

Mother   coal   ^" 

Coal  12" 

Flint  clay  5" 

Coal  9" 

Altitude,  1405. 

This  entry  has  been  abandoned  in  favor  of  the  one 
below  it.  The  flint  fire-clay  here  is  black  instead  of  the 
usual  brown. 
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On  the  left  of  a  left  branch  20  miles  up  Carr,  Vt  ni^l® 
up  the  branch,  George  Kelly  has  an  oi)ening  into  the 
Fire-clay  coal,  probably,  at  altitude  1300,  giving  32 
inches  of  coal  on  a  black  jack  or  black  slate  floor  and 
under  5  feet  of  shale. 

Bran  HAM  Creek. — On  the  left  19%  miles  up  Carr: 
Altitude  of  mouth,  1085. 

On  the  right  at  Ambrose  Amburgj-'s,  y^  mile  up  the 
creek,  is  an  opening  into  the  Amburgy  bed  at  altitude 
]n5  which  is  duplicated  in  the  following  section  from  a 
4-yard  entry  at  altitude  1,125,  on  the  left  of  a  right 
branch  i/4  mile  up  the  creek.    The  section  is: 

Amburgy  Coal. 

Sandstone 10  ft. 

Coal  4" 

Black  slate 1" 

Coal  20" 

Black  slate 1" 

Coal  3" 

Altitudes.  1115  and  1125. 

Ten  feet  of  massive  sandstone  underlie  this  coal,  and 
under  that  is  15  feet  of  shale  carrying  bastard  limestone 
l)Oulders. 

On  the  left,  y[>  mile  up,  AViley  Tolliver  has  an  8-yard 
wet  entry  into  the  Fire-clay  coal  or  rider  as  driven  in 
the  section  following: 

Fire-clay  Coal   Rider. 

Shale  5  ft. 

Black  slate 2' 

Clay  1' 

Coal  41" 

Black  slate 3" 

Altitude,  1340. 

The  black  slate  floor,  the  bottom  of  which  was  not 
reached,  seems  to  lix  the  bed  as  of  the  rider,  and  the  coal 
itself  has  a  more  defined  cleayage  than  the  Fire-clay 
coal  usually  shows  in  this  field.  The  two  inches  at  the 
top  is  somewhat  slaty.  The  Isom  Sloan  coal  given  in 
Bulletin  No.  11,  page  110,  is  the  same  as  this,  but  was 
not  exposed  here. 
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Bentley  Fork. — On  the  left,  %  mile  up  Branham 
creek:   Altitude  of  mouth,  1125. 

In  tlie  branch  at  its  mouth  is  a  coal,  probably  thin, 
under  30  feet  of  sliale. 

On  the  left  of  a  left  hollow,  y^  mile  up,  John  Bent- 
ley  has  a  closed  entry  at  altitude  1285,  showing  a  coal 
:bed  3  to  4  feet  thick  under  thin  black  slate  as  in  the 
Tolliver  entry  just  preceding.  Eight  feet  of  shale  and 
a  foot  of  sandstone  overlie  the  slate.  The  same  cover- 
ing is  exposed  over  an  abandoned  entry,  at  altitude  1265, 
on  the  right  at  the  head  of  the  fork,  %  mile  up  it. 

On  the  left,  y^  miles  up  Branham,  Washington  Fran- 
cis has  a  closed  entrv  into  a  3-foot  coal  bed  with  10  feet 
of  sandy  shale  above  it,  at  altitude  1330.  This  is  prob- 
ably of  the  Fire-clay  coal,  the  rider  showing  in  an  old 
prospect  20  feet  above  it. 

Walnut  Fork. — On  the  left  1%  niiles  up  Branham: 
Altitude  of  mouth,  1160. 

On  the  left  of  this  fork,  14  ^^^^^  ^P  it,  Lewis  Cook  has 
two  entries,  at  altitude  1325,  into  clean  coal  48  inches 
thick  at  the  moutli,  45  inches  8  yards  in,  on  a  foot  of  com- 
mon fire-clav  and  under  15  feet  of  sandstone.  Its  alti- 
•tude  is  indicative  of  the  Fire-clay  coal  bed,  but  with 
other  beds  close  to  it  this  is  quite  imcertain. 

On  the  left,  V2  niile  up,  Nathaniel  Bentley  has  a  4- 
yard  entry  into  the  Fire-clay  coal,  at  altitude  1345,  giv- 
ing 34  inches  coal  on  3  inches  or  more  of  flint  fire-clay 
and  under  10  feet  of  massive  sandstone. 

On  the  right  of  the  left  branch  opposite  the  mouth 
of  Walnut  fork,  I/4  mile  up  it,  Nathaniel  Bently  lias  a 
20-yard  entry,  at  altitude  1315,  Avith  35  inches  of  coal  on 
what  api)ears  to  be  black  slate,  shale  with  calcareous 
concretions  lying  close  below.  ''Draw  slate,''  4  inches 
thick  covers  the  coal,  on  which  is  8  feet  of  shale  (making 
a  good  roof)  and  5  feet  of  sandstone.  The  coal  looks 
like  Fire-clay  coal,  and  it  is  not  unlikely  that  on  reaching 
greater  depth  than  was  practicable  the  black  slate  may 
prove  to  be  black  jack. 

On  the  left  of  a  right  hollow,  l->4  miles  up  the  creek, 
Hugh  Anderson  has  a  10-yard  wet  entry  with  39  inches 
of  coal  (the  bottom  8  inches  not  seen)  under  10  feet  of 
massive  sandstone.  Its  altitude  is  1315,  and  this  with 
its  roof  indicates  the  Fire-clav  coal  bed. 
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On  the  left,  2  miles  up,  R.  B.  Reynolds  has  a  closed 
prospect,  probably  into  the  same  bed,  at  altitude  1340. 
This  is  Ys  mile  northeast  across  the  ridge  from  the  low 
gap  through  which  the  road  to  Hindman  passes. 

On  the  right  2i/4  niiles  up  and  50  feet  above  the  creek, 
John  Sparkman  has  a  15-yard  entry  at  altitude  1355  into 
34  inches  of  coal  under  5  feet  of  sandstone.  The  floor 
appears  to  be  of  flint  fire-clay  but  was  not  positively 
proven. 

The  numerous  openings  on  this  creek  would  prob- 
ably suffice  for  correlation  were  they  fully  developed, 
but  under  present  conditions  this  can  not  be  done  satis- 
factorily. The  most  important  conclusion  reached  is 
that  the  Fire-clay  coal  rider  may  be  the  best  bed  on  the 
creek,  but  that  it  has  not  been  opened  above  Bentley 
fork.    Nothing  Avas  seen  of  the  Whitesburg  bed. 

Mallet  Fork. — On  the  left,  21%  miles  up  Carr.  Al- 
titude of  mouth,  1095. 

At  the  creek  14  mile  up  it,  is  6  inches  of  coal,  with  6 
inches  parting,  at  altitude  1125,  under  20  feet  of  shale. 
This  shale,  in  greater  part,  continues  to  the  Amburgy 
coal  bed  about  30  feet  higher. 

This  bed  has,  on  the  left,  y^  mile  up  the  creek,  the 
following  section: 

Amburgy  Coal. 
Massive  sandstone  ■ —10  ft. 

Coal  3" 

Black  slate 1" 

Coal  13" 

Black  slate 1" 

Coal  4" 

Altitude,  1180. 

Shop  Hollow. — On  the  right,  %  niile  up  Mallet  fork. 

On  the  left,  %  mile  up  the  hollow,  is  24  inches  of  coal 
with  2  inches  black  slate  parting  4  inches  from  the  top 
and  with  sandstone  roof.  Its  altitude  is  1190  and  it 
seems  to  be  a  remnant  of  the  Amburgy  bed. 

On  the  right  of  a  right  drain,  %  mile  up  hollow  and 
drain,  each,  Samuel  Williams  has  a  3-yard  wet  entry 
with  the  following  section: 
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Whitesburg  Coal. 

Shale     (changing    to 

thin    sandstone    at 

bottom)  5  ft. 

Black  slate 1%  ft. 

Coal  4" 

Shale  2" 

Coal  1" 

Shale  18" 

Black  slate 3" 

Coal  2" 

Shale  3" 

Coal  23" 

Shale  2" 

Coal  14" 

Altitude.  1395. 

The  Amburgy  coal  is  apparently  thin  in  a  rock  house 
at  the  mouth  of  a  right  branch,  1  mile  up,  at  altitude 
1195. 

On  the  left,  %  mile  up  a  left  branch,  I14  miles  up  the 
creek,  Mrs.  S.  Sloan  has  a  new  entry  beginning,  beside 
a  closed  one,  from  which  the  following  section  was  ob- 
tained : 

Fire-clay  Coal. 

Sandstone 1  ft. 

Coal  45" 

Black  jack  3' 

Flint  clay  3' 

Coal  10" 

Shale  1" 

Coal  6" 

Altitude,  1380. 

At  the  forks,  1%  miles  uj)  the  creek  and  in  it,  is  10 
inches  of  coal  and  shale,  covered  by  a  foot  of  shale  with 
calcareous  concretions,  at  altitude  1225. 

On  the  left,  y^  ^^lil^  ^ip  the  left  fork,  1%  miles  from 
Carr,  E.  J.  Short  has  a  wet  entry  into  a  coal  bed,  prob- 
ably the  Fire-clay  coal,  though  the  roof  is  quite  differ- 
ent to  that  usually  found,  as  shown  by  the  folloAving: 
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Fire-clay  Coal.  (?) 

Sandstone 5  ft. 

Shale  2  ft. 

Coal  1" 

Shale  3" 

Black  slate 2" 

Shale  8  ft. 

Coal  bed  4  ft. 

Altitude,  1385. 

Hayes  Branch. — On  the  left,  21%  miles  up  Carr 
fork. 

Again  on  this  branch  at  its  mouth  appears  the  6 
inches  coal  with  6  inches  parting  at  altitude  1,125,  as 
on  Mallet  fork. 

On  the  left,  %  mile  up  the  branch,  is  the  following: 

Amburgy  Coal. 

Sandstone 5  ft. 

Coal  4" 

Cannel  slate 1" 

Coal  17" 

Black  slate 3" 

Coal  3" 

Altitude,  1145. 

On  the  right,  14  mile  up,  the  Whitesburg  bed,  at  alti- 
tude 1285,  is  reported  V/jt  feet  thick.  At  the  head  of  the 
right  fork  of  the  branch,  on  the  right,  14  ^ail^  from 
Carr,  Lib.  Hayes  has  a  3-yard  entry  into  the  Fire-clay 
coal,  at  altitude  1310,  having  36  inches  of  coal  on  10 
inches  of  black  flint  fire-clay  and  bony  coal,  in  about 
equal  parts,  and  under  4  feet  of  soft  clay  shale,  as  it 
appears  at  the  mouth  of  the  entry. 

On  the  left  of  a  right  branch  of  Carr  fork  opposite 
Hayes  branch.  Nelson  Hayes  has  opened  the  Amburgy 
coal  Avitli  section  about  the  same  as  it  was  found  on 
Hayes  branch  and  at  the  same  height,  1145. 

On  the  left  of  a  left  branch,  at  its  head  y^  mile  up,  21% 
miles  up  Carr  fork,  Bobert  Bates  has  a  20-yard  entry 
into  the  Fire-clay  coal  with  southerly  dip,  at  altitude  1340 
(or  higher).  It  has  37  to  39  inches  of  coal  on  a  black 
flint  fire-clay  floor,  and  under  6  feet  of  shale. 

On  the  left  of  Carr  fork,  and  the  road,  22  miles  up 
Carr,  the  Amburgy  bed  is  opened  in  a  rock-house  with 
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20  inches  of  coal  and  a  black  slate  parting  9  inches  thick, 
2  inclies  from  the  bottom.  More  coal  mav  be  under  this. 
Its  altitude  is  1190. 

WiLLARD  Branch. — On  tlie  right,  22V8  miles  up  Carr. 
Altitude  of  mouth  1125. 

On  tlie  left  of  a  left  branch,  y^  mile  up  Willard,  Vi 
mile  up  the  branch,  F.  H.  Thomas  has  an  entry  into  the 
Fire-clay  coal,  at  altitude  1400,  having  39  inches  of  coal, 
flint  fire-clay  floor,  and  roof  of  2  feet  of  shalv  sandstone 
under  4  feet  of  massive  sandstone. 

On  the  left,  %  mile  up  the  creek,  the  Amburgj^  bed 
is  exposed,  under  a  10-foot  massive  sandstone  cliff,  with 
27  inches  of  coal  and  2  inches  black  slate  parting,  7 
inches  from  the  top,  its  altitude  1190,  10  feet  above  the 
creek. 

On  the  left,  a  mile  up  the  creek,  John  B.  Smith  has 
a  15-yard  entry  at  altitude  1390;  and  on  the  left  of  the 
middle  head,  ly^  miles  up,  Marian  Mclntyre  has  an 
entry  at  altitude  1400.  These  are  of  the  Fire-clay  coal 
with  sections  as  follows: 


Smith. 

Shale  5  ft. 

Coal  34" 

Flint  clay  4" 

Coal  4" 


Mclntyre. 

Shale  5  ft. 

Coal  31" 

Flint  clay  7" 

Coal  5" 


In  the  Mclntyre  entry  the  full  thickness  of  the  bot- 
tom coal  may  not  have  been  obtained.  The  flint  clay 
there  is  black. 

On  a  left  branch,  22V1»  miles  up  Carr  fork,  the  Am- 
burgy  coal  shows  at  altitude  1220,  but  its  section  is  not 
exposed. 

On  the  right  of  the  branch,  i^  mile  up  it,  Grant 
Honeycutt  has  an  8-yard  Avet  entry  into  the  Fire-clay 
coal  at  altitude  1405.  The  main  seam  of  coal  is  36 
inches  thick  and  has  regular  cleavage.  Under  it  is  about 
4  inches  of  black  jack  and  probably  more  coal  below 
that.     Five  feet  of  shale  is  exposed  over  the  opening. 

On  the  right  22%  miles  up  Carr,  at  the  head  of  a 
hollow,  N.  G.  Sturgill  has  a  wet  entry  with  the  following 
section : 
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Fire-clay  Coal. 

Shaly  sandstone 5  ft. 

Coal  35" 

Parting  5" 

Coal  5" 

Altitude,  1440. 


»     « 


The  parting  is  a  mixture  of  black  jack  and  flint  flro- 
clav. 

Xealv  liRANciL — ()n  tlio  loft  21]  inil(»s  up  Carr.  Al- 
titude of  nioutli,  112;"). 

On  tlio  loft  of  a  loft  hollow,  -'vs  niih*  up  this  branch, 
William  Franklin  has  an  8-yard  wot  ontrv  irivinjr  tho 
following: 

Fire-clay  Coal. 

Sandstone  10  ft. 

Coal  35' 

Flint  clay  4' 

Bone  coal 2" 

Shale  6" 

Coal   6' 

Altitude.  1420. 


:»' 


I" 


ttt 


Tho  bottom  coal  was  not  s<»on  an<l  it,  with  tho  coal 
abovo  it,  Avoro  moasimMl  ap])r()ximat<»ly. 

In  tho  l)ranch  on  tlio  l<»ft.  •' i  mil(»  up  X(»aly,  5  inch(»s 
of  coal,  under  If)  f(M»t  of  slialcN  lies  at  altitu<l<'  11!)(),  and 
on  th(»  right,  ^s  niilo  up,  is  llio  following: 


Amburgy  Coal. 

Sandstone 10  ft. 

(^oal   10' 

Clay  r 

Coal    4" 

Shale  '>" 


i" 


tf 


Coal   3 

Altitude.   12ir>. 


On  Iho  lot't  fork  of  tliis  loft  bi*nii<*h,  ''»j  mih»  from 
Noaly,  arc  two  abandono<l  ontrios,  with  a  third  just 
started,  into  tli<'  Firo-cl«'iy  coal  at  altitude  1405.  The 
bottom  coal  and  flint  lire-clay  are  th(M"o,  but  were  not 
open  to  ni<'asurom(»nt.    Tlio  main  coal  seam  is  37  inches 


1022  First  Annual  Beport 

thick  and  has  normal  cleavage  planes.    It  has  5  feet  of 
shale  covering. 

At  the  same  distance  from  Xealy  up  the  right  fork 
of  this  branch,  is  a  15-yard  entry  on  the  right  giving  the 
following  section: 

Fire-clay  coal. 

Shaly  sandstone 4  ft. 

Sandy  shale 1%  ft. 

Coal  2" 

Clay  1" 

Coal  36" 

Black  slate 1" 

Fire-clay. 

Altitude,   1385. 

Water  prevented  full  examination  of  the  fire-clay 
floor,  but  it  seemed  to  be  too  hard  for  other  than  flint 
clay.  That  and  the  character  of  tlie  roof,  which  is  ex- 
cellent, both  indicate  Fire-clay  coal.  Openings  on  this 
branch  are  on  land  of  Simon  Watts. 

On  the  right  of  Nealy,  at  the  mouth  of  this  branch, 
James  Mullins  has  a  10-yard  wet  entry  into  the  Fire- 
clay coal,  at  altitude  1410,  having  about  36  inches  on 
the  main  coal  seam,  4  inches  of  flint  fire-clay  and  3 
inches  of  bottom  coal,  no  measurements  exact.  The 
roof  is  10  feet  or  more  of  massive  sandstone,  under 
which  is  4  inches  of  coal  and  slate  and  12  inches  of  weak 
clay  sandstone  to  the  main  coal.  These  16  inches  come 
down  with  the  coal  leaving  a  good  roof  above. 

On  the  right,  l^i  miles  up  Nealy,  Elam  Pigman  has 
a  10-yard  entry  into  the  Fire-clay  coal  at  altitude  1425. 
The  main  coal  seam  is  increased  from  33  inches  two 
yards  in  to  36  inclies  ten  yards  in.  The  floor  is  black 
jack  or  black  slate.  A  good  roof  is  given  by  21  inches 
of  sandy  shale,  above*  which  is  2  inches  of  coal  to  mas- 
sive sandstone  above*  the  coal. 

On  the  right,  2  miles  up  Nealy,  Mr.  Pigman  has  an- 
other entry  into  the  same  bed  at  altitude  1445,  giving 
38  inches  of  coal  on  an  inch  of  soft  black  slate.  Hard 
black  slate  and  flint  fire-clay,  6  inches  or  more,  provide 
the  floor,  with  ])ossible  coal  below.  A  half-foot  of  clay 
on  the  coal  and  a  foot  of  sandstone  on  that,  the  latter 
inter-leaved  with  thin  sheets  of  coal,  make  a  bad  roof 
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until  they  fall.   Above  them  is  exposed  7  feet  of  sand- 
stone, making  a  good  roof. 

Spring  Branch. — On  the  right,  23^4  miles  up  Carr. 
Altitude  of  mouth,  1130. 

On  the  left,  y^  mile  up  the  branch,  10  feet  above  it  is 
tlie  following : 

Amburgy  Coal. 

Sandstone 3  ft. 

Coal 3" 

Slate    3" 

Coal 15" 

Coal  and  shale  9" 

Altitude,  1255. 


On  the  left,  %  ^lil^  up,  George  Gibson  has  a  20-yard 
entry,  and  on  the  left  a  mile  up  Arch  Gibson  has  a  12- 
yard  wet  entry,  both  into  the  Fire-clay  coal,  at  altitude 
1450  and  1485,  respectively.  Their  sections  follow: 


George  Gibson. 

Sandstone 3  ft. 

Coal  35" 

Black   jack   2" 

Flint  clay  5" 

Coal  7" 


Arch  Gibson. 

Shale  2  ft 

Shaly  sandstone 2  ft. 

Coal 37" 

Hard  bottom. 


The  bottom  coal  where  seen  was  perfectly  good.  In 
the  Arch  Gibson  entry  the  roof  scales  off  in  thin  plates, 
but  nevertheless  space  25  by  30  feet  is  left  without 
props. 

On  the  right,  IY2  niiles  up,  Edward  Gibson  has  a  12- 
yard  entry  into  the  Flag  coal  at  altitude  1880.  The  bed 
is  6  to  8  feet  thick  with  about  5  feet  of  coal  without  part- 
ing visible,  the  remainder  covered  by  falls  from  the 
roof,  wliich  is  an  extremely  bad  one,  10  feet  of  clay  shale 
showing  above  the  coal.  The  area  of  the  bed  here  is 
small,  though  a  half-mile  of  outcrop  is  in  sight,  with 
covering  nowhere  so  much  as  100  feet  deep. 

The  cliff,  35  feet  high,  directly  under  the  Hazard 
bed,  shows  below  the  opening;  the  altitude  of  its  top, 
1800. 

Collins  Branch. — On  the  right,  23%  miles  up  Carr. 
Altitude  of  mouth,  1130. 
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On  the  left,  %  miles  up  the  branch,  Russell  Collins 
has  a  3-yard  entry,  at  altitude  1355,  into  a  bed  with 
section  following,  which  appears  to  be  of  the  Whites- 
burg,  though  it  lies  at  a  considerably  greater  distance 
than  usual,  140  feet,  below  the  Fire-clay  coal  rider,  and 
it  has  not  the  customary  black  slate  roof: 

Whitesburg  Coal.  (7) 

Shale  5  ft. 

Coal  25" 

Shale  7" 

Cannel  coal  10" 

Block  coal 4" 

Altitude,    1355. 

The  cannel  coal  is  of  excellent  quality,  apparently, 
but  it  is  reported  to  be  explosive  in  burning.  A  flag 
stone  quarry  lies  40  feet  below  it. 

On. the  right,  %  mile  up  up  the  branch,  Green  Craft 
has  an  abandoned  j^rospect  into  the  same  bed  (reported 
thick,  but  with  bad  roof)  at  altitude  1360. 

Over  this  cannel  opening  is  a  5-yard  entry  with  the 
following  section: 

Fire-clay  Coal  Rider 

Shale  8  ft. 

Black  slate  6" 

Coal  8" 

Shale  28" 

Coal  and  black  slate..  8" 

Coal  27" 

Shale  1" 

Coal  18" 

Altitude,  1500. 

On  the  left  of  the  right  hollow,  1%  miles  up,  %  mile 
up  the  hollow,  the  Fire-clay  coal  is  opened  at  altitude 
1515.  The  main  coal  seam  is  probably  of  the  usual 
thickness,  about  3  feet,  2  feet  being  visible.  Black 
jack  and  flint  fire-clay  in  the  dump  prove  its  correlation. 
It  has  over  it  2V2  feet  of  shale  and  then  2  feet  of  sand- 
stone. 

On  the  left,  two  miles  up  the  branch,  the  Amburgy 
coal  shows  about  2  feet  of  coal  under  sandstone,  at  alti- 
tude 1310. 
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On  the  left,  2V2  miles  up,  Hazel  Collins  has  a  12- 
yard  entry  with  the  section  following: 

Fire-clay  Coal. 

Shale  sandstone 5  ft. 

Coal  34' 

Flint  clay T 

Coal  13" 

Altitude,  1540. 

The  bottom  coal,  as  well  as  the  top,  is  good,  and 
assurance  of  continued  thickness  is  given  by  an  open- 
ing on  Buck  branch  of  Rockhouse  having  4  inches  more 
coal  and  3  inches  less  parting.  The  parting  here  is  all 
black. 

On  the  left  of  Carr  fork,  23%  miles  up  it,  i/4  ^^l® 
from  it,  at  the  head  of  a  hollow,  Robert  Bates  has  a  5- 
yard  entry  as  follows: 

Fire-clay  Coal. 

Sandstone 3  ft. 

Coal  37" 

Black  slate  2" 

Flint  clay 4" 

Coal  5" 

Altitude,  1440. 

An  inch  of  bony  coal  in  the  middle  of  the  bottom 
seam  impairs  its  value  probably  very  little.  The  stick- 
ing of  an  inch  of  the  top  coal  to  the  slate  under  it  is 
likely  to  be  more  troublesome. 

Buffalo  Branch. — On  the  left,  24  miles  up  Carr. 
Altitude  of  mouth,  1160. 

On  the  right,  a  half-mile  up  this  branch,  Wiley  Am- 
burgy  has  a  12-yard  entry,  from  which  the  following 
was  obtained: 

Fire-clay  Coal. 

Sandstone. 

Shale  6   ft. 

Sandstone 1  ft. 

Shale 1%  ft. 

Coal  37" 

Altitude,   1490. 

geo.  33 
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A  knife  edge  parting,  6  inches  from  the  top  of  the 
coal  is  so  unusual  as  to  be  almost  negligible  here. 

On  the  left,  241/4  miles  up  Carr,  is  the  Alfed  Amburgy 
entry  into  Fire-clav  coal  40  inches  thick  and  6  inches 
parting,  given  in  Bulletin  No.  11,  page  111.  That  and 
an  entry  into  the  same  bed  on  the  opposite  side  of  the 
creek  were  both  closed  at  the  time  of  the  last  visit. 

Roaring  Branch. — On  the  right,  24-^  miles  up  Carr. 
Altitudo  of  mouth,  1210. 

On  the  left,  Vs  ^^^^^  up  this  branch,  John  S.  Amburgy 
has  a  5-yard  entry  at  altitude  1475;  and  on  the  right  of 
a  right  hollow,  %  n^ilt*  up,  Doctor  Sexton  has  a  10-yard 
wet  entry  at  altitude  1510.  Both  are  in  the  Fire-clay 
coal  and  their  bed-sections  follow: 


Altitude,   1475. 

Sandstone  5  ft. 

Coal  35" 

Flint  clay  6" 

Coal  6" 


Altitude,  1510. 

Shale  3  ft. 

Massive  sandstone  ....  3  ft. 

Coal  32" 

Black  jack  2" 

Flint    clay   4" 

Coal  0 


The  bottom  coal  of  the  Amburgy  entry  is  particularly 
fine-looking,  half  of  it  a  rich  splint  coal.  In  the  second 
entry  the  bottom  was  not  seen.  There  appeared  to  be 
about  a  foot  of  it. 

On  the  right,  24%  miles  up  Carr,  William  Amburgy 
has  a  2-yard  entry  into  the  top  seam  of  the  Fire-clay 
coal,  36  inches  thick,  at  altitude  1470.  The  flint  fire-clay 
floor,  doubtless,  has  coal  under  it.  Two  feet  of  shaly 
sandstone  makes  the  roof. 

Turkey  Branch. — On  the  left,  25%  miles  up  Carr. 
Altitude  of  mouth,  1275. 

In  a  peak  on  the  right,  14  ^i'^  ^P  ^  l^ft  drain,  % 
mile  up  this  branch,  William  Amburgy  has  a  15-yard 
wet  entry  into  the  Flag  coal  at  altitude  1925.  The  bed 
is  6  to  8  feet  thick,  of  which  about  2  feet  was  invisible, 
mostly  block  coal,  but  with  a  little  splint.  Fifteen  feet 
of  soft  argillaceous  sandstone  covers  the  bed,  and  a 
hard  sandstone  caps  the  peak,  which  carries  the  only 
area  of  the  coal. 
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Wildcat  Branch, — On  the  left,  25%  miles  up  Carr. 
Altitude  of  mouth,  1295. 

A  roek-house  on  the  right  at  the  mouth  of  this  branch 
gives  the  Amburgy  coal  at  altitude  1300,  just  before  it 
goes  below  drainage  on  Carr  fork. 

On  the  left,  %  mile  up  the  branch,  the  Fire-clay  coal 
rider  (probably)  is  opened  in  an  8-yard  entry  at  alti- 
tude 1500.    Sections  of  these  two  beds  follow : 

Altitude,  1300. 

Sandstone  10  ft. 

Coal  2" 

Shale  1" 

Coal  12" 

Shale  ^ 7" 

Coal  1" 

Shale  1" 

Coal  1" 

Sandstone. 

Altitude,    1500L 

Sandstone 6  ft. 

Coal  17" 

Knife  edge  parting. 

Coal  7" 

Clay  1" 

Coal    4" 

Clay  2" 

Coal  10 

The  bottom  of  the  higher  bed  was  not  seen  and  there 
may  be  a  little  more  than  10  inches  of  coal  in  that  seam. 

In  a  cliff  on  the  left  of  Carr,  rising  from  it  at  251/2 
miles  up,  is  30  feet  of  shale  upon  Avhich  is  as  much  more 
sandstone,  all  overlying  the  rock  house  sandstone  cov- 
ering the  Amburgy  coal. 

On  the  left  branch  of  Carr,  2614  miles  up  it,  which 
gives  a  road  to  Beaver  creek,  on  the  left  of  the  road 
and  right  of  the  branch,  14  ^^^  ^P  it,  Wilburn  Honey- 
cutt  has  a  12-yard  wet  entry  into  the  Fire-clay  coal  at 
altitude  1505.  Tlie  main  seam  of  the  bed  appears  to  be 
3  to  31/0  feet  of  coal  without  parting.  The  flint  fire-clay 
is  below  and  2  feet  of  shale  under  4  feet  of  sandstone  is 
exposed  on  top  of  the  coal. 
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On  the  right,  26%  miles  up  Carr,  Wiley  Amburgy  has 
a  20-yard  entry  with  the  following  section: 

Fire-clay  Coal. 

Sandstone 5  ft. 

Coal  36" 

Flint  clay  6" 

Coal    14" 

Altitude.  1515. 

In  a  right  branch,  26%  miles  up  Carr,  %  mile  up  the 
branch,  is  10  inches  of  coal  on  sandstone  and  under 
sandstone  15  feet  or  more  thick;  its  altitude  1435.  Be- 
side the  branch,  %  mile  up  it,  the  Whitesburg  bed  is  ex- 
posed, at  altitude  1505,  with  the  section  following.  On 
the  left,  %  mile  up  the  branch,  20  feet  above  it,  is  Grant 
Honeycutt's  8-yard  entry  into  the  Fire-clay  coal,  at  alti- 
tude 1535,  with  the  section  following: 

Whitesburg   Coal. 
Shale. 

Coal  10" 

Black  slate  1" 

Coal  2" 

Fire-clay   C" 

Covered  1  ft. 

Sandstone  3  ft. 

Black  slate  2" 

Coal  1" 

Fire-clay  Coal. 

Sandstone 3  ft. 

Coal  33" 

Black  jack  4" 

Flint  clay  3" 

Coal  11" 

Two  inches  of  the  bottom  of  the  Fire-clav  coal  bed 
has  a  slightly  bony  appearance,  but  is  probably  harm- 
less. 

On  the  left,  27^4  miles  up  Carr,  "Watson  Adams  has 
a  prospect  into  the  Fire-clay  coal  at  altitude  1615,  giv- 
ing the  section  following.  On  the  right,  in  part,  and 
partly  in  tlie  crook  27V1>  miles  up  Carr,  at  Omaha  post- 
office.  Green  Collins  has  an  opening  into  the  Fire-clay 
coal  rider  at  altitude  1660,  its  section  following: 
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Fire-clay  Coal. 

Sandstone 8  ft. 

Sandy   shale   6  ft. 

Coal  3" 

Shale  %  to  1" 

Coal  30" 

Flint  clay  6" 

Coal  10" 

Rider. 

Shale  8  ft. 

Black  slate  8" 

Coal  4" 

Shale  1" 

Coal    2" 

Shale    (with  coal)....   9" 

Coal    2" 

Shale  1" 

Coal  16" 

Coal  (?)  36" 

The  bottom  seam  of  the  Fire-clay  coal  has  no  bone 
in  it.  The  bottom  3  feet  of  the  rider  being  in  water  was 
not  seen.  The  2  feet  that  was  felt  appeared  to  be  all 
coal. 

The  following  notes  are  of  coals  above  Carr  fork  to 
Bull  creek,  including  the  latter,  all  on  the  east  side  of 
the  river. 

On  the  right  of  left  fork  of  a  branch  ^A  mile  above 
Carr,  at  its  head  a  mile  from  the  river,  Elijah  Combs 
has  an  entry,  at  altitude  1485,  into  good  hard  block  coal, 
37  inches  thick,  under  8  feet  of  shale.  A  foot  or  more 
of  coal  is  reported  under  about  a  foot  parting  now  serv- 
ing as  floor  for  the  entry.  With  the  ridge  200  to  300 
feet  higher  a  considerable  area  of  this  coal  is  available. 
It  is  of  the  Flag  bed,  the  Fire-clay  coal  being  at  altitude 
about  1100. 

Desultory  prospecting  reported  in  this  vicinity  has 
failed  to  bring  to  light  any  other  satisfactory  coal,  and 
no  other  opening  was  found  below  Felix  branch,  3% 
miles  above  Carr  fork,  and  1%  miles  above  Masu  sta- 
tion at  the  mouth  of  Mace's  creek. 

On  f^he  right  of  tlie  left  fork  of  Felix  branch,  14  mile 
from  its  mouth,  Felix  Brashear  has  an  18-yard  entry 
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with  the  following  average  of  a  somewhat  variable  sec- 
tion: 

Fire-clay  Coal. 

Sandstone  15  ft. 

Shaly  sandstone  5  ft. 

Coal    32" 

Black  jack  8" 

Flint  clay  3" 

Coal    13" 

Black  slate  2" 

Altitude,  1065. 


The  bottom  coal  is  a  good  hard  block  coal. 

On  the  right  of  the  right  fork,  %  mile  up  the  branch 
the  top  coal  is  38  inches  thick,  the  rest  of  the  bed  hid- 
den ;  its  altitude  is  1050,  about  165  feet  above  the  river. 

On  the  left,  i/4  mile  up  a  branch  214  miles  above 
Masu,  Nathaniel  Brashear  has  a  15-yard  entry  with 
the  following  section: 

Fire-clay  Coal. 

Shaly  sandstone 5  ft. 

Coal  39" 

Flint  clay  5" 

Coal    5" 

Black  slate  5" 

Shale  4" 

Coal  8" 

Altitude,  1100. 


Only  the  top  seam  of  coal  is  taken  out. 

At  2%  miles  above  Masu,  23  inches  of  coal  w\as  taken 
from  an  entry,  now  closed,  at  the  level  of  the  railroad 
track,  altitude  910.  This  coal  shows  near  the  bottom  of 
the  following  section  from  the  mouth  of  a  branch  3')4 
miles  above  Masu  and  1/0  mile  below  Big  Branch: 
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Sandstone  40  ft. 

Covered  shale  and 

sandstone  20  ft. 

Shale  25  ft. 

Coal    12" 

Shale  8" 

Coal    1" 

Shale  3" 

Coal    3" 

Fire-clay    1  ft. 

Sandstone 18  ft. 

Coal    23" 

Fire-clay :  3  ft. 

Sandstone  to  track 

level  2  ft. 


> 


Amburgy  Coal. 
Altitude,  945. 


The  Fire-clay  coal  is  exposed,  slipped  so  that  its 
measure  could  not  be  taken,  in  a  rock-house,  14  mile  up  the 
branch,  at  altitude  1155. 

Big  Branch. — Ilombre  station,  6  miles  above  Carr 
fork.    Altitude  of  mouth,  905. 

On  the  right  of  a  left  branch,  %  niile  up  Big  branch 
and  Vo  mile  up  the  left  branch,  Sampson  Brashear  has 
an  8-yard  entry  with  the  following  section: 

Sandstone 15  ft. 

Coal  29" 

Flint  clay  4" 

Coal    15" 

The  bottom  coal  here  is  all  good. 

On  the  right  of  the  left  fork,  at  the  forks  of  the  creek 
2V>  miles  from  the  river,  the  following  is  exposed,  giv- 
ing a  section  from  the  creek  probably  about  up  to  the 
Whitesburg  bed: 

Sandstone  10  ft. 

Shale   10    ft. 

Sandstone  2  ft. 

Coal  5" 

Shale  and  coal 9" 

Coal    6" 

Fire-clay    1  ft. 

Shale    to   water 

level  4   ft. 

Altitude,  1145. 
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On  the  right  and  left,  3^/4  miles  up,  Thomas  Fields 
has  a  4-yard  entry  and  exposure  in  a  rock-house  of  the 
Fir(»-clay  coal,  at  altitudes  1230  and  1235,  giving  24  and 
31  inches,  resi)ectively,  of  coal  in  the  main  seam.  Ap- 
pan»ntly  there  is  no  coal  under  the  flint  fire-clay.  To 
that  clay  taken  from  the  entry  a  little  of  the  coal  ad- 
heres and  so  is  lost. 

On  the  right,  3%  miles  up  three  entries  at  altitude 
1240  give  32  and  3G  inches  of  coal  over  black  jack  and 
flint  fire-clay  and  common  fire-clay  next  the  flint.  The 
<!oal  thickens  up  stream,  but  no  more  openings  have 
lH»(»n  made  further  up  to  see  if  the  increase  continues. 
Th(^  last  entries   are  about  20  feet  above  the  creek. 

On  the  l(»ft  of  the  river,  %  mile  above  Hombre, 
Richmond  Mclntyre  has  a  wet  entry  at  altitude  1120,  in 
which  the  top  coal  is  24  inches  thick,  and  the  bottom  coal 
p(»rhai)s  as  much.    Five  feet  of  shale  lies  on  the  bed. 

Foui)  Branch. — One  mile  above  Hombre.  Altitude 
of  moutli,  915. 

On  the  left  of  the  moutli  of  this  branch  Ellett  Mc- 
Intyn*  has  a  w(»t  entry  into  the  Fire-clay  coal  at  altitude 
]  135,  and  on  the  left  at  the  forks,  V2  mile  up  the  branch, 
is  a  T-yard  entrv  into  the  same  bed  at  altitude  1155,  in 
the  point  of  a  hill  and  hardly  under  solid  roof.  These 
give  the  following  sections: 

Altitude,  1135. 

Shale  2  ft. 

Black  slate  2  ft. 

Coal  21" 

Flint  clay  4" 

Coal  21" 

Fire-clay  1  ft. 

Altitude,   1155. 
Karth. 

Coal  23" 

Flint   clay    4" 

Coal    18" 

On  tlie  riirht  fork  of  the  left  fork,  from  li.'>  to  2 
miles  up  from  the  river,  on  land  of  Solomon  Caudill,  the 
following  section  was  obtained,  the  llindman  bed  show- 
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ing  on  the  left  at  the  head  of  the  branch,  the  bed  next 
below  being  opened  close  by: 

Altitude. 

Kidge  tops,  about  1700  to  1750 

Hindman    coal    1660 

Francis  coal — 33  inches  1600 

Flag    coal — stain 1560 

Cliff  under  Hazard  coal  1480  to  1510 

Young    coal — reported    30    inches 1470 

The  comparatively  broad  tops  to  the  hills  of  this 
vicinity  give  good  working  area  to  the  Flag  coal,  which 
has  not  been  opened,  but  higher  coals  are  too  restricted 
for  other  than  local  use. 

On  the  right,  %  ^^^  from  the  river,  at  the  head  of 
a  branch  V/^  miles  above  Hombre,  at  a  closed  entry  on 
the  Ira  Banks  farm,  the  following  was  obtained: 

Hindman  Coal. 

Broken   sandstone. 

Shale  1^  ft. 

Coal   and   shale 1   ft. 

Coal  2  ft. 

Thin  parting. 
Coal. 

Altitude,  1730. 

The  total  thickness  is  reoprted  to  be  9  feet  and  evi- 
dently is  nearly  that,  but  the  small  area,  bad  roof  and 
great  height  render  the  bed  unattractive. 

On  the  heads  of  a  branch  2  miles  above  Hombre  the 
cliff  sandstone  under  the  Hazard  coal  lies  at  altitude 
1540  to  1570  and  above  this  is  the  Flatwoods  of  the  vicin- 
ity. Iron  ore  shows  in  small  quantities  at  1590.  At 
1625  the  Flag  coal  is  opened,  showing  a  3-foot  bed  with 
a  1-inch  parting  in  its  upper  half,  the  lower  half  of  the 
prospect  being  covered.  The  coal  is  somewhat  slaty, 
the  roof  sandstone.  The  opening  is  about  l^  mile  south 
of  that  of  the  Hindman  bed  just  given. 

A  prospect  in  the  point  of  a  hill  midway  between 
the  two  openings  last  given  shows  a  thin  slaty  coal  at 
altitude  1725.  This  is  of  the  Hindman  bed,  but  the  place 
chosen  for  opening  does  not  give  a  fair  exposition  of 
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the  coal,  all  but  the  hard  and  slaty  coal  ha\'ing  weath- 
ered away. 

In  the  railroad  cut  at  the  point  of  the  spur,  3^2  niiles 
above  Hombre  the  following  is  found: 

Shale  - 15  ft. 

Coal   1   ft.    Altitude,  985. 

Shale 15  ft. 

Coal   1   ft.    Altitude.  970. 

Sandstone  15  ft. 

One  or  both  of  these  coals,  probably  the  upper,  is  of 
the  Amburgj'  bed,  close  under  which  is  often  found  a 
thin  coal. 

At  ( V>mettsville  postoffice,  Z^*^  miles  above  Ilombre, 
S.  W.  Hampton  has  a  7-yar<l  wet  entr\'  with  the  follow- 
ing section: 

Fire-clay  Coal. 

Sandstone    4  ft. 

Shale  7  ft. 

Coal   - -IS" 

Flint  clay  5* 

Coal  „24'' 

Black  slate. 

Altitude,  1180. 

r>n  a  left  branch  at  Elijah  Sumner's,  4  miles  above 
Ilombre,  the  Amburgj'  bed  has  18  inches  of  coal,  lying 
on  '20  feet  of  sandstone  and  under  12  feet  of  shale  in  one 
place  and  under  ti  feet  of  shale,  then  20  feet  of  sand- 
stone in  another  adjacent.    Its  altitude  is  975. 

On  the  left,  i  s  n^il^  up  the  branch  the  Fire-clay  coal 
has  been  opene<l,  at  altitude  llfK),  with  possibly  3  feet  of 
coal  in  the  upper  seam,  and  additional  coal  under  a  5- 
inches  flint  fire-clay  parting. 

Box  Creek. — Four  and  one-half  miles  above  Hom- 
bre.   Altitude  of  mouth,  930. 

On  the  left  at  the  mouth  of  the  creek,  13  feet  above 
it,  the  thin  coal  under  the  Amburory  bed  shows  about  8 
inches  thick  with  15  feet  of  sandstone  above  and  be- 
low it. 

On  the  right  a  half-mile  up  the  creek  and  5  feet  above 
it,  the  Amburg}'  bed  is  exposed,  at  altitude  985,  with  2 


I 
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feet  of  fire-clay  and  then  3  feet  of  thin-bedded  sand- 
stone beneath  and  4  feet  of  sandstone  above  it. 

On  the  left  of  a  left  branch  a  mile  up  the  creek,  140 
feet  above  it,  %  mile  up  the  branch,  John  Caudill  has  a 
3-yard  wet  entry,  the  only  opening  found  on  the  creek, 
into  the  Fire-clay  coal.    It  gives  in  section: 

Fire-clay  Coal. 

Sandstone  3  ft. 

Shale  6   ft. 

Coal   26" 

Flint    clay    4" 

Coal    10" 

Altitude,  1165. 

The  bottom  coal  in  water  was  not  measured  exactly, 
and  thin  cannel  coal  was  reported  below  it. 

On  the  right  l-'}4  miles  up  the  creek  the  following  is 
exposed : 

Shale  40  to  50  ft. 

Coal  5" 

Shale  ^  to  1%  ft. 

Coal    7" 

Shale  1  to  5  ft. 

Sandstone  in  creek. 
Altitude,  1155. 

The  upper  25  feet  of  this  shale,  with  large  lime 
boulders  in  it,  rises  from  the  creek  on  the  right,  2Vi> 
miles  up  it.  On  the  shale  is  coal  and  black  slate  at  alti- 
tude 1220,  probably  of  the  Whitesburg  bed,  the  usual 
sandstone  under  it  having  disappeared.  This  gives  a 
rise  of  strata  up  the  creek  of  about  80  feet  in  li/o  miles. 

Opposite  the  mouth  of  the  large  left  branch,  314 
miles  up  the  creek,  30  feet  of  shales  still  remain  above 
it  with  10  feet  of  sandstone  covering  them. 

At  iy^  mill's  up,  30  feet  of  shale  from  the  creek  ap- 
pears again  with  24  inches  of  coal  at  altitude  1380  in  it, 
20  feet  above  the  creek. 

At  4%  miles  up  this  coal  in  shale  is  reduced  to  8 
inches,  at  altitude  1410. 

At  the  school  house  at  the  forks  of  the  creek,  5% 
miles  up  it,  the  altitude,  as  determined  by  barometer, 
is  1490. 
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At  the  head  of  the  left  fork,  %  mile  up  from  the 
school  house  and  opposite  the  Ureen  Combs  entry  on 
Montgomery  creek,  George  Field  has  an  8-yard  entry 
with  section  similar  to  that  of  the  Combs  entry,  as  fol- 
lows: 

Flag   Coal. 
Massive  sandstone.... 20'  ft. 

Coal  16" 

Shale  5" 

Coal  40" 

Altitude,  1720. 

This  is  all  block  coal,  the  lower  seam  hard.  The 
liill  tops  are  150  to  200  feet  higher  and  being  well 
rounded  in  this  ^*flatwoods"  region  give  a  fairly  good 
area  to  the  bed. 

On  the  right  of  the  right  fork  and  of  the  road  to 
Defeated  branch,  a  mile  above  the  school  house  and  a 
quarter-mile  from  the  gap,  James  B.  Caudill  has  a  pit 
at  altitude  1695,  from  which  has  been  taken  coal  said  to 
be  30  inches  thick.  This  is  of  the  Hazard  bed,  and  it  is 
not  unlikely  that  a  lower  seam  of  the  bed  would  be 
struck  by  sinking  the  pit  a  little  deeper. 

Above  the  pit  is  a  2-yard  entry  into  the  Flag  bed, 
which  here  is  somewhat  farther  from  the  Hazard  than 
is  the  case  where  the  two  have  been  opened  in  juxtapo- 
sition farther  down  the  river.    Its  section  follows: 

Flag   Coal. 

Sandstone  5  ft. 

Coal    16" 

Shale  6" 

Coal  1   ft. 

Shale  13" 

Coal  40" 

Altitude,  1760. 
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THE  OOUTIC  UMESTONES  OF  WARREN 

COUNTY. 

BY  MALCOLM  H.  CRUMP. 


Location. — These  oolitic  limestones,  so  widely  used 
for  building  purposes,  are  found^  skirting  the  eastern 
and  southern  edges  of  the  western  coal  field  in  the  count- 
ties  of  Grayson,  Barren,  Warren,  Logan,  Todd,  Chris- 
tian, Trigg  and  Caldwell,  but  the  greatest  economic  and 
commercial  developments  on  these  deposits  have  been 
made  in  the  county  of  Warren  in  the  vicinity  of  Bowling 
Green.  There  are  more  than  200  miles  of  outcrop  of 
this  stone  in  Warren  county,  much  of  which  is  readily 
accessible  to  transportation  by  both  water  and  rail. 
Barren  river  divides  the  Warren  county  field  in  two 
parts,  with  fine  exposures  immediately  on  its  banks  and 
advantage  has  been  taken  of  this  fact  in  the  location  of 
several  quarries. 

History. — The  first  quarries  were  opened  more  than 
three-quarters  of  a  century  ago  and  the  stone  taken 
from  them  is  still  to  be  seen  in  walls  and  monuments 
which  have  stood  the  test  of  time  for  nearly  a  hundred 
years.  This  tells  the  story  of  its  durability.  The  Cor- 
inthian columns,  with  their  delicately  carved  capitols,  at 
the  county  court  house  in  Bowling  Green,  are  as  sharply 
defined  and  as  perfect  as  when  first  completed,  although 
they  have  been  exposed  to  the  action  of  the  elements  for 
nearly  fifty  years. 

Geological  Position. — All  of  these  oolitic  beds  of 
limestone  are  found  immediately  below  the  base  of  the 
Chester  and  usually  in  a  vertical  interval  of  less  than 
50  feet.  The  marked  topography  of  the  Big  Clifty  sand- 
stone at  the  base  of  the  Chester  renders  the  horizon  of 
tlie  oolitic  easily  found  and  readily  followed. 

Beds. — These  are  from  10  to  22  feet  thick,  with  prob- 
ably four  workable  horizons  included  within  a  vertical 
distance  of  150  feet.  The  beds  are  usually  without  seams 
and  often  20  feet  thick,  without  any  perceptible  change 
in  their  appearance  or  structure  from  the  base  of  the 
bed  to  the  top. 


1038  First  Annual  Report 

Structure. — The  grains,  or  oolites  run  from  one- 
thirtieth  to  one-fiftieth  of  an  inch  in  diameter  and  are 
apparently  foliated  in  structure,  not  unlike  the  concen- 
tric layers  of  an  onion.  Their  composition  is  remark- 
ably pure,  often  running  as  high  as  98%  carbonate  of 
lime.  Some  of  the  beds  when  taken  from  under  consid- 
erable stripping  contain  a  small  percentage  of  petro- 
leum, which  gives  the  stone  a  peculiar  color  and  odor. 
Analysis  and  experience  has  shown  that  this  oil  carries 
no  perceptible  asphaltic  base;  hence  the  stone  bleaches 
perfectly  white  on  exposure,  the  time  required  for  com- 
plete bleaching  varying  from  3  months  to  as  many 
years,  depending  on  climatic  conditions  and  exposure 
to  the  sun. 

PJcoNOMic  Features. — The  most  recent  preliminary 
examinations  have  shown  that  from  the  four  horizons 
mentioned  above  and  in  localities  which  are  favorable 
for  immediate  development,  and  transportation,  and 
easily  accessible  can  be  obtained  commercial  stone, 
amounting  to  more  than  one  hundred  million  cubic 
feet,  w^hich  means  320,000  cars  of  400  cubic  feet  each. 
These  beds  are  practically  horizontal  and  well  located 
for  economical  quarrying.  The  stripping  runs  from 
nothing  to  100  feet  or  more.  It  can  be  economically 
removed  to  a  thickness  equal  to  that  of  the  workable 
bed;  that  is  20  feet  of  stone  stripping  can  usually  be 
removed  from  a  20-foot  bed  of  workable  stone.  As  many 
as  48  feet  are  now  being  removed  in  one  of  the  largest 
quarries,  but  this  is  by  reason  of  the  fact  that  the 
strippings  are  carried  to  a  convenient  crusher,  where 
it  is  converted  into  railroad  ballast  and  material  for 
concrete.  Eventually  all  this  waste  mil  be  converted 
into  merchantable  material  in  the  form  of  ballast,  road 
metal,  concrete  material  and  agricultural  lime.  For  the 
latter  there  is  great  demand,  and  an  unlimited  territory 
in  the  limeless  region  of  the  Mississippi  valley,  where 
every  acre  of  land  needs  the  application  of  ground  lime- 
stone to  correct  the  acidity  of  the  soil.  There  is  among 
the  four  horizons  mentioned  one  that  deserves  special 
notice,  the  product  from  which  has  recently  come  before 
the  public  and  is  known  as  the  ^'Eoyal  White."  This 
bed  when  first  opened  shows  15  to  18  feet  in  thickness. 
It  is  snow  white  with  rather  large  oolites,  consisting  of 
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concentric  calcite  coatings  about  a  somewhat  darker 
center. 

The  grains  or  oolites  are  cemented  by  an  amorphous 
limestone  of  the  same  color  and  purity.  It  is  especially 
suitable  for  carving,  as  has  been  fully  demonstrated  by 
the  actual  work  of  the  local  stone  cutters  and  carvers  of 
Bowling  Green  and  other  places.  It  analyzes  99.77% 
of  carbonate  of  lime,  and  its  crushing  strength  is  9,200 
pounds  per  square  inch. 

The  waste  from  this  bed  promises  to  make  a  par- 
ticularly good,  stainless  Portland  cement,  for  which 
there  is  at  present  a  great  demand  at  highly  remunera- 
tive prices. 

This  stone  has  not  had  the  test  of  time  for  exterior 
use,  but  there  is  no  question  as  to  its  value,  and  beauty, 
for  interior  work.  It  should  take  the  place  of  the  Caen 
stone  of  France,  which  is  so  much  used  in  the  cities  of 
the  Eastern  seaboard  and  as  far  west  as  Chicago,  and 
which  sells  for  $1.25  to  $1.50  per  cubic  foot. 

Operating  Quarries. — There  are  six  of  these  in  the 
vicinity  of  Bowling  Green,  with  a  combined  maximum 
daily  capacity  of  10  to  15  cars  of  400  cubic  feet  each,  of 
mill  blocks,  but  they  are  all  working  on  rather  a  limited 
scale,  owing  to  the  lack  of  necessary  capital.  One  mil- 
lion dollars  could  be  economically  expended  in  the  open- 
ing and  equipping  of  quarries  and  the  construction  of 
mills  and  of  plants  for  utilizing  the  strippings  and 
waste  material  from  the  quarries  and  mills.  An  output 
of  not  less  than  50  cars  daily  would  be  necessary  for  the 
proper  entrance  into  the  markets  of  the  great  cities  and 
building  centers  of  the  country. 

The  Bowling  Green  White  Stone  Company,  which 
quarries  and  sells  the  Bowling  Green  white  oolitic  lime- 
stone, is  the  pioneer  producer  in  this  section,  and  desig- 
nates its  product  as  **The  Aristocrat  of  all  the  Lime- 
stones.'' This  company  claims  for  the  stone  they  pro- 
duce the  following  characteristics: 

1.  Beauty  of  color  and  uniformity  of  texture. 

2.  Great  strength. 

3.  Unexcelled  durability. 

4.  Ease  of  working. 

5.  llesistance  to  discoloring  influences. 
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6.    High  resistance  to  the  action  of  heat,  cold  and 
moisture. 

The  color  of  the  stone  is  a  rich  creamy  white,  without 
the  dead  appearance  of  many  oolitic  limestones,  or  the 
hard,  glossy  glare  of  the  marbles;  while  uniform  in 
color,  it  presents  a  sufficiently  varied  appearance  to 
avoid  any  resemblance  to  artificial  stone.  Its  strength 
is  amply  sufficient  for  all  the  modern  requirements,  as 
may  be  seen  by  the  following  official  report  of  the  Fed- 
eral Government,  made  by  Maj.  J.  M.  Reilly,  of  the 
Ordinance  Department,  U.  S.  A.  Three  samples  from 
these  quarries  were  tested  with  the  following  ultimate 
crushing  strength  per  square  inch:  6,532,  7,009  and 
6,746  pounds.  This  shows  a  strength  far  in  excess  of 
any  weight  that  would  be  imposed  upon  it  by  any  build 
ing  or  other  structure  of  the  present  time,  or  probable 
future.  There  is  no  stone  used  in  building  in  this  coun- 
try which  has  been  subjected  to  a  more  severe  test  as  to 
durability  and  resistance  to  thd  disintegrating  influ- 
ence of  atmospheric  and  climatic  changes  than  the 
Bowling  Green  oolitic  limestones.  More  than  a  century 
ago,  stone  was  taken  from  this  original  quarry,  now 
being  operatel  daily  by  this  company,  and  used  in  a 
primitive  way  for  hearthstones  and  chimney  caps,  and 
many  of  these  are  still  to  be  found  in  use  today  in  dif- 
ferent parts  of  Warren  county.  They  are  perfectly 
intact  and  absolutely  free  from  any  indications  of  dis- 
integration or  other  signs  of  decay.  There  are  build- 
ings, walls  and  monuments  in  Bowling  Green  more  than 
100  years  old,  which  stand  today  with  tool  marks  upon 
them  as  delicately  clear  and  distinct  as  when  they  first 
came  from  the  cliisel.  The  original  quarries  have  been 
actively  and  continuously  operated  for  more  than  75 
years,  and  yet  the  supply  is  apparently  inexhaustible, 
a  total  area  of  less  than  ten  acres  having  been  worked 
in  that  time.  The  beds  in  this  quarry  are  22  feet  thick, 
from  which  an  overburden  or  stripping  of  45  or  more 
feet  is  being  re-worked,  and  disposed  of  practically  at 
cost.  Owing  to  the  uniformity  of  texture,  this  stone 
admits  of  the  finest  carving  and  hence  is  in  great  de- 
mand for  monumental  purposes ;  it  may  be  split  to  such 
advantage  that  a  curved  surface  of  100  degrees  may  be 
obtained  without  risk  of  the  line  of  fracture  crossing  the 
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curve.  The  small  amount  of  petroleum  in  the  stone  rap- 
idly bleaches  out  and  leaves  that  creamy  white  surface, 
so  much  admired  and  desired.  This  bleaching  out  of 
the  petroleum  is  due  to  the  fact  that  there  is  no  residual 
asphaltic  base.  All  the  quarries  in  this  vicinity  show 
more  or  less  of  this  oil  after  the  stone  gets  under  heavy 
cover,  and  but  little  of  the  stone  shows  the  ultimate 
whiteness  when  first  quarried.  There  is  one  exception 
to  this  rule,  viz:  the  '* Royal  White."  This  company 
from  its  quarries,  is  fully  prepared  to  undertake  the  de- 
livery of  stone  of  pure  white  color  in  any  desired  quan- 
tities on  short  notice.  It  is  now  more  than  one  year 
ahead  in  its  stripping  and  has  100,000  feet  of  stone 
channeled,  and  its  annual  output  equals  to,  and  prob- 
ably exceeds,  that  of  all  the  other  operating  quarries  in 
the  Bowling  Grreen  district.  Its  quarries  and  mill  are 
equipped  with  the  most  modern  and  complete  machin- 
ery obtainable,  and  no  pains  are  spared  to  meet  the  re- 
quirements of  the  most  discriminating  taste.  Medals 
were  given  to  this  product  at  Chicago  in  1893,  St.  Louis 
in  1904,  and  at  other  places.  Prof.  Wm.  S.  Day,  of  the 
U.  S.  Geological  Survey,  says:  '*The  product  of  the 
B.  G.  Wliite  Stone  Company  of  Kentucky  is  deserving 
of  special  notice,  because  of  its  peculiarities  and  its 
value  as  a  building  stone.  It  is  quite  similar  in  analy- 
ses and  structure  to  the  celebrated  Portland  Oolite  of 
England,  as  shown  by  the  following  analyses : 

Analyses. 

Bowling  Green      Portland,  Eng. 

Carbonate  of  Lime  98.30 95.16 

Carbonate  of  Magnesia 1.12 1.20 

Silica 1.42 1.20 

Iron  and  alumina  0.39 0.50 

Water  and  loss  1.75 1.94 


100.00  100.00 

This  stone  is  known  commercially  as  Bowling  Green 
White  Oolite.  It  is  quite  different  in  character  from  the 
oolitic  stone  of  Bedford,  Indiana,  the  constituent 
oolitic  grains  in  this  stone  being  larger  and  distinct, 
whereas  in  most  Indiana  stone  they  are  minute.  The 
local  quarries  are  of  large  extent  and  well  equipped  with 
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channeling  machinery,  derricks,  etc.  These  beds  were 
first  opened  in  the  year  1833,  and  the  product  has  been 
shipped  throughout  the  country,  ranging  from  Maine  to 
Florida.  Among  the  cities  in  wliich  it  is  most  used  are 
New  York,  Philadelphia,  Washington,  Baltimore,  Louis- 
ville, Nashville,  Memphis,  Bowling  Green,  and  to  some 
extent,  Chicago.  The  stone  is  soft  and  easily  worked, 
and,  like  tlie  Indiana  stone,  hardens  on  exposure  to  the 
atmosphere.  Carvings  made  upon  it  stand  perfectly 
and  its  color  under  the  influence  of  sunlight  tends  to 
become  continually  lighter.  When  heated  to  redness 
on  the  surface,  and  plunged  into  cold  water,  it  revealed 
no  crack,  even  ui)on  examination  with  a  magnifying 
glass,  and  in  some  cases  on  being  reheated  a  second 
time  and  plunged  into  water,  still  failed  to  present  any 
evidence  of  cracking." 

John  Longworth,  superintendent  of  construction  of 
the  $125,000  Federal  Building  at  Bowling  Green,  Ky., 
states  *Hhat  during  the  past  six  years,  while  employed 
for  t\w  U.  S.  Government,  it  has  frequently  been  my 
duty  to  make  inspections  of  limestone  coming  from  the 
Bowling  Green  quarries.  It  gives  me  pleasure  to  state 
that  I  have  always  found  this  stone  to  be  fully  up  to  the 
standard  required  by  the  specifications.  When  deliv- 
ered it  is  generally  unsightly  in  appearance  and  color, 
owing  to  its  being  saturated  with  oil,  but  I  can  vouch  for 
the  fact  that  these  oil  stains  bleach  out,  leaving  a  clear, 
uniform  white  appearance.  The  Bowling  Green  stone 
is  of  very  fine  texture,  imperious  to  water,  and  I  believe 
is  the  finest  building  stone  in  the  country.''  Architects 
and  contractors  speak  equally  well  of  it,  using  such 
expressions  as  the  following:  *^It  stands  all  kinds  of 
weather,  and  is  adapted  for  any  use  such  as  buildings, 
monumental  work,  curbing,  flagging,  bridge  building, 
etc."  Another  says:  ^^For  beauty  and  expressiveness 
of  color,  for  durability,  for  carving  and  highly  decora- 
tive work,  I  consider  this  stone  unsurpassed  by  any 
limestone  and  better  in  most  cases,  than  manv  classes 
of  costlier  stone." 

The  Bowling  Green  White  Stone  Company. — 
This  comi)any  owns  250  acres  of  oolitic  stone, 
twenty-one  feet  thick,  with  an  average  of  35  feet 
of     strippings.      Its     output    for     1912    was     102,000 
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cubic  feet.  The  estimated  and  expected  output  for  1913 
is  150,000  cubic  feet.  It  owns  and  operates  three  chan- 
nelers,  only  two  of  which  are  in  active  operation  at  this 
time.  It  has  one  derrick  for  quarrying  purposes  and  one 
for  stacking.  About  fifteen  men  are  constantly  em- 
ployed in  the  building  stone  quarry,  and  about  fifty  men 
in  stripping  and  crushing  the  overburden,  which  is  a 
separate  operation.  Two  steam  drills  are  used  in  the 
building  stone  quarry  and  three  in  the  stripping  depart- 
ment, in  addition  to  one  four-inch  well  drill.  There  is 
a  mill  of  eight  gang  saws,  one  New  Albany  planer,  one 
thirty-ton  steam  traveller  with  a  fifty-foot,  elevated 
tramway,  one  air  compressor  and  one  air  hammer.  There 
is  also  one  number  6  Gates  gyratory  crusher,  with  a 
capacity  of  two  hundred  and  fifty  tons  of  crushed  stone 
per  day,  and  one  Jeffreys  pulverizing  mill  for  granu- 
lating limestone  for  agricultural  uses,  capacity  fifty  tons 
per  day.  The  output  of  the  crushing  plant  for  1912  was 
33,000  cubic  feet.  One  Sullivan  channeler  is  used,  also 
one  Wardwell ;  the  latter  is  in  active  use  at  this  writing. 
The  manner  of  working  is  as  follows:  The  stone  is  first 
channeled  and  then  drill  holes  are  put  under  the  chan- 
neled blocks;  slips  and  wedges  are  then  put  in  these 
drill  holes  and  driven  in,  which  raises  the  stone  and 
loosens  it  from  its  floor,  or  bedding.  The  stone  is  then 
turned  on  its  side  by  means  of  derrick  dogs,  which  are 
connected  with  a  thirty-ton  steel  derrick.  The  steam 
drills  are  used  to  fashion  the  stone  into  sizes  readily 
handled.  They  are  then  ready  to  load  on  the  cars,  which 
run  directly  into  the  quarry.  The  stone  for  mill  use  is 
placed  on  a  tram  and  lowered  to  the  mill  by  gravity.  All 
the  stone  is  shipped  directly  by  rail.  The  cost  of  load- 
ing runs  from  two  to  five  dollars  per  car  for  the  mill 
blocks,  and  from  five  to  seven  for  sawed  and  dressed 
stone.  The  drainage  is  by  means  of  steam  jets.  This 
stone  resembles  other  oolitic  limestones  in  texture,  but 
varies  in  color.  When  first  taken  out  it  has  a  bro^v^lish 
look,  caused  by  the  presence  of  petroleum,  but  it 
bleaches  white  after  a  few  months  exposure  to  the  air. 
It  occasionally  contains  flint  streaks  and  sometimes  iron 
streaks,  some  of  which  will  ^* bleed"  after  quarrying. 
The  thickness  of  the  overburden  that  can  be  reworked 
and  wasted  is  equal  to  the  thickness  of  the  commercial 
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stone,  but  in  this  particular  quarry  the  stripping  is  sold 
as  stated  before,  for  ballast,  concrete,  etc.,  and  the  pro- 
ceeds from  the  sale  of  the  crushed  stone,  etc.,  pays  for 
the  entire  stripping  and  some  years  shows  a  profit.  At 
present  the  mill  waste  is  not  utilized,  but  could  be  made 
to  pay  if  converted  into  lime.  Tests  of  this  have  been 
made  and  the  i)roduct  was  a  lime  of  very  high  grade. 
The  principal  markets  for  this  building  stone  at  the  pres- 
ent are  in  Kentucky  and  Tennessee  cities  and  towns. 
Lately  much  of  it  has  gone  to  New  York  City,  Philadel- 
phia and  some  to  Chicago.  The  mill  block  trade  is  found 
most  profitable  for  this  quarry.  Among  the  noted  build- 
ings recently  erected  using  this  stone  are  St.  Thomas' 
Episcopal  Church,  55th  Street  and  Fifth  Avenue,  New 
York  City;  Federal  buildings  at  Gulfport,  Miss.;  Hotel 
Halcyon,  Miami,  Fla. ;  First  Christian  Church,  Louis- 
ville, Ky. ;  A.  M.  Lothrop  residence,  Washington,  D.  C. ; 
Alfred  E.  Burke  residence,  Philadelphia,  together  wdth 
many  Federal  and  other  business  buildings  in  many 
parts  of  the  country.  Thirty-three  buildings  for  the 
Peabody  Normal  College,  Nashville,  Tenn.,  are  now  un- 
der construction  and  using  this  stone.  Alongside  of  this 
quarry,  and  forming  practically  a  portion  of  the  same, 
is  the  Oman  White  Stone  Company,  which  owns  suffi- 
cient stone  to  last  many  years,  and  is  fairly  w^ell  equip- 
ped witli  the  requisite  channelers,  derricks,  etc.,  together 
with  a  mill  from  w4iich  much  finished  stone  has  been 
shipped.  It  is  further  equipped  with  electric  derricks, 
and  diamond  saws  in  addition  to  gang  saws.  Some  of 
the  largest  contracts  ever  handled  here  have  been  un- 
dertaken by  the  operators  of  this  enterprising  quarry. 
The  manager  is  a  veteran  from  the  quarries  of  Scot- 
land, who  has  grown  up  in  the  business  and  is  quarry- 
man  both  by  birth  and  tradition.  The  Bowling  Green 
and  Green  River  quarries  are  located  on  Barren  river, 
about  five  miles  north  of  tlie  last  mentioned  quarries, 
and  have  been  in  operation  about  five  5^ears.  There  are 
175  acres  of  good  oolitic  limestone  which  has  a  commer- 
cial thickness  of  16  feet  with  an  average  of  12  feet  of 
stripping.  The  output  for  1912  w^as  94,000  cubic  feet, 
and  the  estimated  output  for  1913  is  150,000  cubic  feet. 
It  operates  one  25-ton,  one  15-ton  and  tw^o  30-ton  der- 
ricks, all  operated  by  steam.    There  are  two  Wardwell 
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steam  channelers  and  three  gasoline  channelers,  together 
with  four  air  drills  and  two  compressors.  An  average 
of  60  men  are  employed  at  the  quarries  and  the  mill. 
The  mill  is  45  feet  by  80  feet,  with  four  gang  saws  and 
one  diamond  saw  48  inches  in  diameter,  with  50  teeth. 
There  is  one  14  foot  by  36  inches  by  30  inches  open  side 
planer.  In  addition  the  company  operates  one  and  a 
half  miles  of  narrow  gauge  railroad  from  the  quarries 
to  the  shipping  point  on  Barren  river,  whence  the  stone 
is  barged  some  eight  miles  to  the  mill  on  the  L.  &  N.  R. 
R.  at  Bowling  Green.  There  is  one  15-ton  steam  der- 
rick at  the  river  temiinus  of  the  narrow  gauge  road  and 
one  of  30  tons  at  the  mill.  The  mill  also  contains  one  air 
compressor,  and  one  air  drill.  Much  of  the  product  of 
this  quarrv  goes  to  Nashville  and  Memphis.  The  stone 
for  the  $125,000.00  Federal  building  in  Bowling  Green 
came  from  these  quarries  and  speaks  most  forcibly  for 
-the  character  and  beauty  of  the  product. 

The  Murphy  Bros,  quarry  is  located  between  the 
above  quarries  and  is  a  continuation  of  the  16-foot  bed. 
This  is  among  the  latest,  and  most  enterprising  of  the 
quarries,  and  is  well  equipped  with  all  the  requisite  der- 
ricks, together  with  3  channelers  and  a  spur  of  the  nar- 
row gauge  railway  above  mentioned.  There  is  no  mill 
connected  with  the  quarry,  the  output  being  disposed  of 
as  fast  as  quarried  in  the  shape  of  mill  blocks.  The 
capacity  is  about  ten  cars  per  week  of  superior  stone 
with  more  than  100,000  cubic  feet  in  sight. 

The  Victoria  Limestone  Company. — This  company 
is  located  at  Slim  Island,  on  Barren  river,  about  two 
miles  in  an  air-line  from  the  last  mentioned  quarries. 
The  actual  working  face  is  about  150  feet  above  low 
water,  to  which  the  product  is  handled  by  gravity  to 
barges  by  means  of  a  railroad  500  feet  long.  The  com- 
pany owns  45  acres  of  good  stone.  The  thickness  of  the 
face  or  bed  where  the  quarrying  is  now  going  on  is  22 
feet  and  the  stone  is  of  the  same  general  texture  and 
color  as  in  the  other  quarries  mentioned ;  18  feet  of  the 
22  are  considered  commercial  stone  and  the  face  is  ex- 
posed for  2,500  feet.  The  average  stripping  for  the 
first  100  feet  back  from  the  face  is  estimated  at  25  feet. 
The  output  for  1912  was  67,000  cubic  feet,  and  for  1913 
the  estimate  is  for  100,000  cubic  feet.    There  are  three 
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steam  derricks  of  25  tons  capacity,  one  IngersoU  8.  Y. 
channeler,  with  a  capacity  of  12,000  cubic  feet  of  com- 
mercial stone  per  month.  There  are  in  addition  three 
steam  drills;  28  men  are  employed  at  this  time.  The 
mill  building  of  the  Victoria  Limestone  Co.  is  45  by  90 
feet  and  its  equipment  consists  of  one  200  by  50  foot 
steel  crane  runway  with  a  traveling  crane  of  25  tons 
capacity,  electrically  operated,  two  gang  saws  of  the 
New  Albany  Manufacturing  Co.'s  make,  one  double 
blade  diamond  saw,  blades  76  inches  in  diameter,  con- 
taining 140  diamonds  each;  one  double  side  New  Albany 
planer,  one  stone  lathe  with  a  capacity  for  columns  of 
25  feet  in  length  with  bases  7  feet  in  diameter,  and  one 
IngersoU  Rand  air  compressor,  capacity  76  cubic  feet 
per  minute,  which  is  amply  sufficient  for  6  pneumatic 
tools. 

The  shipping  from  this  quarry  is  by  barge  to  the 
elevator  at  Bowling  Green,  a  distance  of  nine  and  one- 
half  miles,  and  thence  a  short  distance  by  rail  to  the 
mill.  No  pumping  for  drainage  is  necessary  so  far  as 
quarry  operations  are  concerned,  but  water  is  brought 
from  the  river  to  the  quarry  and  for  the  use  of  the 
boilers  by  means  of  a  number  4  Cameron  pump.  The 
general  character  of  the  stone  is  identical  with  that  of 
the  vicinity  except  that,  owing  probably  to  its  south- 
west exposure,  less  oil  is  found  and  hence  less  discolora- 
tion as  it  comes  from  the  quarry.  It  is  beautifully  white 
when  it  comes  from  the  i)laner.  The  quarry  operations 
so  far  have  shown  only  two  irregular  streaks  of  flint, 
and  these  at  rare  intervals,  and  no  crows  feet  have  been 
met  witli,  except  at  the  extreme  bottom  of  the  18-foot 
ledge.  It  is  estimated  that  stripping  to  the  deph  of  40 
feet  can  be  profitably  removed,  without  using  the  by- 
product. It  is  further  estimated  that  the  quarry  waste 
will  equal  20  per  cent  and  the  mill  waste  10  per  cent, 
which  is  considered  about  normal.  As  vet  no  means 
have  been  adopted  for  utilizing  the  quarry  waste,  but 
the  mill  waste  is  being  used  for  rubble  foundation  work. 
The  most  profitable  market  is  in  the  South,  West  and 
Southwest,  where  the  freight  rates  are  more  favorable, 
in  comparison  with  those  charged  from  the  Bedford 
district  to  Northern  and  Eastern  markets.  The  stone 
for   the    new   governor's   mansion   at   Frankfort,   Ky., 
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came  from  this  quarry,  as  well  as  that  used  in  churches 
and  residences  in  Knoxville,  Memphis,  Jackson,  Tenn., 
Bowlinj:  Green,  Ky.,  and  other  points. 

The  Caden  Quarry. — This  is  located  10  miles  north- 
west of  Bowling  Green  on  Gaspar  river,  about  one  mile 
from  its  entrance  into  Barren  river.  This  company  has 
been  in  successful  operation  for  40  years  or  more,  and 
is  fully  equipped  with  all  needed  machinery.  Its  mill  is 
in  Evansville,  Ind.,  to  which  place  much  of  the  product 
has  gone  by  barge  via  Barren  and  Green  rivers,  a  dis- 
tance of  180  miles.  A  large  part  of  the  product  of  this 
quarry  has  been  and  is  now  used  for  monumental  work. 
Many  residences  and  commercial  buildings  are  to  be 
seen  in  Evansville  built  from  stone  from  this  quarry. 
The  Betz  building  of  Philadelphia,  Pa.,  is  a  notable  ex- 
ample of  its  superior  quality  and  excellence. 

There  are  many  phices  along  the  210  miles  of  out- 
crop in  Warren  county  where  this  stone  can  be  profit- 
ably opened  and  successfully  oi)erated.  Some  of  these 
points  are  immediately  on  the  ever  navigable  waters  of 
streams  with  a  low  freight  rate  via  Barren  and  Green 
rivers  to  the  Ohio  river,  thence  to  the  Mississippi  and 
the  ocean  and  the  Panama  Canal.  It  is  claimed  that  a 
rate  of  25  cents  per  hundred  pounds  can  be  had  via  Pen- 
sacola  and  sailing  vessels  to  the  Hawaiian  Islands  and 
the  California  coasts,  and  this  rate  will  be  materially 
reduced  when  the  Panama  Canal  is  in  operation.  There 
is  a  steady  and  constantly  increasing  demand  for  this 
stone,  and  the  quantity  used  is  limited  only  by  the  out- 
put. Capital  is  the  one  thing  needed  and  this  will  cer- 
tainly come  at  an  early  day.  The  supervising  architect 
of  the  U.  S.  has  recently  made  a  personal  inspection  of 
the  quarries  and  expressed  himself  as  much  pleased  with 
the  stone,  as  well  as  with  the  quantity  in  sight.  Eepre- 
sentatives  of  such  leading  architects  as  Carrere  and 
Hastings,  and  Cram,  Goodhue  and  Ferguson,  of  New 
York  City  and  Boston  have  also  carefully  inspected  the 
quarries  and  the  facilities  for  production,  with  the  view 
of  using  it  in  the  East.  Large  operators  and  contrac- 
tors from  Chicago  have  also  been  here,  and  it  is  only 
a  question  of  time  until  there  will  be  50  operating  quar- 
ries with  an  output  of  100  or  more  cars  daily.  The  age 
of  wood  is  passing    rapidly.     The  age    of    stone  and 
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cement  is  rapidly  approaching,  if  not  already  here,  and 
the  Bowling  Green  oolite  will  be  one  of  the  high-grade 
building  and  monumental  stones  largely  used. 

Conclusions. 

The  Bowling  Green  oolite  is  similar  to  the  oolites  of 
Indiana  in  chemical  composition,  ease  with  which  it  is 
worked  and  its  great  durability.  It  is  superior  to  that 
in  color,  in  facility  for  carving  and  in  general  beauty  of 
appearance.  As  it  comes  from  the  quarry  it  is  a  gray- 
ish white,  when  not  containing  a  noticeable  amount  of 
light  volatile  petroleum,  the  latter  being  readily  notice- 
able when  present  both  by  its  odor  and  appearance. 
After  a  short  exposure  and  before  placed  in  the  wall  it 
bleaches  to  a  creamy  white,  which  grows  whiter  with 
age,  instead  of  darker,  as  is  the  case  with  so  many 
oolites,  especially  those  which  weather  in  such  a  way  as 
to  leave  small  imperceptible  holes,  and  a  porous  sur- 
face into  which  soot  and  other  impurities  are  driven 
which  discolor  the  surface  of  the  stone.  For  the  first 
15  to  30  feet  in  from  the  face  as  the  ledge  is  worked  the 
stone  is  perfectly  bleached,  no  trace  of  oil  being  noticed. 
On  all  western  exposures  the  white  stone  is  found.  Per- 
fectly white  stone  can  always  be  secured  by  allowing 
the  quarried  stone  to  remain  on  the  yard  2  to  6  months. 
There  is  much  demand  in  the  Eastern  cities  for  a 
bleached  stone  which  can  always  be  supplied,  though  at 
a  somewhat  higher  price  because  for  the  above  reason 
it  must  be  carried  on  the  vard  for  some  months.  This 
bleached  stone  sells  for  10  to  15  cents  per  cubic  foot 
higher  than  the  fresh  or  unbleached  product.  The  esti- 
mated annual  output,  which  includes  scabbled  stone  as 
well  as  mill  blocks  for  the  year  1913,  is  150,000  cubic 
feet,  valued  at  $45,000.00,  which  means  an  average  sell- 
ing price  of  30  cents  per  cubic  foot.  The  sawed  stone 
will  probably  average  100,000  cubic  feet  per  annum, 
worth  $80,000,000,  the  average  price  for  sawed  stone 
being  80  cents  per  cubic  foot  f.  o.  b  cars  at  Bowling 
Green.  The  freight  rate  to  New  Yirk  City  is  27%  cents 
per  hundred  pounds  and  other  rail  points  in  proportion. 
The  river  and  ocean  rates  are  much  less.  The  opening 
of  the  Panama  Canal  promises  a  very  low  rate  to  the 
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west  coast  of  South  America  as  well  as  to  San  Francisco 
and  Honolulu. 

Following  is  a  statement  in  regard  to  Bowling  Green 
stone  from  Mr.  John  Longworth,  Superintendent  of  Con- 
struction of  the  Federal  Building  at  Bowling  Green,  Ky. 

Characteristics  of  Bowling  Green  Oolitic  Limestone. 

The  fact  that  Bowling  Green  Oolitic  Limestone  is  not 
extensively  quarried  accounts  for  its  being  less  under- 
stood by  contractors  and  superintendents  than  the  Bed- 
ford and  other  well  known  building  stones.  As  a  matter 
of  fact  it  is  far  superior  to  the  Bedford  stone.  Lack  of 
capital  and  transportation  facilities  account,  to  a  great 
extent,  for  its  limited  output ;  however,  as  more  quarries 
are  gradually  being  opened  up,  it  is  hoped  these  difficul- 
ties will  be  cleared  away  and  Bowling  Green  become  a 
bee-hive  of  stone  industry  rivaling  that  of  Bedford. 

Bowling  Green  stone  is  found  in  three  workable  hori- 
zons, average  fifteen  feet  each,  top  layer  nearly  white, 
middle  layer  dark  yellowish  grey,  and  bottom  bed  con- 
siderably darker,  sometimes  almost  black,  all  of  which 
bleaches  on  exposure  to  a  soft  light  grey. 

It  was  with  considerable  misgiving  that  I  allowed 
the  contractor  for  the  Federal  Building  at  Bowling 
Green,  Ky.,  to  use  black,  white  and  yellow  stone  promi- 
scuously throughout  the  entire  building;  yet,  after  ten 
months  exposure,  we  find  most  of  the  dark  stone  just  as 
white  as  that  which  was  white  when  set  in  place  and  I 
am  satisfied  that  in  a  short  time  the  entire  building  will 
be  absolutelv  uniform  in  color. 

A  few  months  ago  the  writer  was  detailed  to  inspect 
the  stone  work  on  the  government  building  at  Paducah, 
Ky.,  one-half  of  which  was  built  thirty  years  ago,  the 
other  half  five  years  ago;  Bowling  Green  stone  was  used 
throughout.  It  is  impossible  to  tell  from  the  appearance 
of  the  stone  which  half  was  erected  first;  the  entire  ex- 
terior is  i)erfectly  uniform  in  color,  a  very  light  grey  and 
the  most  pleasing  appearance  of  any  stone  structure  the 
writer  has  ever  soon.  While  at  Paducah  I  talked  with  the 
stone  contractor  who  did  the  work  and  he  told  me  a  great 
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deal  of  the  stone  used  was  almost  black  when  put  in  the 
wall.    Analysis  of  the  stone  shows  following  results : 

Carbonate  of  lime  97.69% 

Absorption   of   water   6.20% 

Weight  per  cubic  ft.    (dressed)    167  lbs. 

Crushing  strength  per  sq.  in 6,167  lbs. 

The  stone  is  massive,  with  no  crowfeet,  lamination, 
or  bedding  planes  and  can  be  laid  in  wall  without  regard 
to  its  position  in  the  quarry.  It  is  of  very  fine  texture 
and  when  newly  quarried,  quite  soft,  hardening  on  ex- 
posure; for  carving  purj^oses  it  has  no  superior.  It  is 
thoroughlv  saturated  with  oil  which  accounts  for  its  dis- 
coloration  and  also  makes  it  impervious  to  water;  to  stain 
it  with  Portland  cement  is  an  impossibility.  The  local 
cemeterv  contains  monuments  made  of  this  stone  which 
w^ere  erected  over  eighty  years  ago  and  still  show  no  signs 
of  deterioration.  It  was  used  on  the  St.  Thomas  Church, 
53rd  St.  and  5th  Ave.,  N.  Y.^  Lothrop  Residence  and  Mc- 
Lellan  Statue,  Washington,  D.  C,  is  being  used  in  Phil- 
adelphia, Baltimore,  Salt  Lake  City  and  many  other 
places. 

There  are  now  seven  quarries  in  operation,  one  of 
w^liich  has  been  running  for  more  than  fortv  vears. 

Underlying  the  three  beds  above  described  there  is 
a  ten  foot  bed  of  laminated  oolitic  limestone,  which  has 
a  blue  grey  color,  is  very  hard,  almost,  if  not  equally,  as 
hard  as  granite,  splits  readily  into  thin  sheets  or  beds  and 
is  used  for  street  curbing  and  flagging;  there  are  many 
miles  of  this  curbing  in  Bowling  Green  and  not  an  inch 
of  it  shows  splits  or  weathering.  Two  churches  have 
been  built  here  of  this  hard  stone  which  the  writer  had 
the  pleasure  of  showing  to  Mr.  Wenderoth  some  months 
ago ;  he  was  very  favorably  impressed  with  the  hardness 
and  handsome  appearance  of  the  stone,  which,  without 
doubt,  would  make  a  good  substitute  for  the  granite  gen- 
erally used  below  first  floors  on  postoffice  buildings. 

This  is  not,  by  any  means,  intended  as  an  advertise- 
ment of  Bowling  Green  stone,  but,  to  the  superintendent 
who  may  never  have  had  this  product  under  his  observa- 
tion I  will  sav,  bv  wav  of  conclusion,  should  vou  ever  find 
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your  contractor  delivering  a  lot  of  dark,  greasy  looking 
stone  at  your  building  ascertain  if  it  is  Bowling  Green 
stone  and  if  it  is  don't  lose  any  sleep  about  its  color  for 
it  will  eventually  bleach  to  the  prettiest  light  grey  you 
ever  saw. 

John  Longworth, 
Supt.  of  Construction,  Federal  Bldg., 
Bowling  Green,  Ky. 
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KENTUCKY  ROCK  ASPHALT. 

BY' 

Malcolm  H.  Crump.* 


Kentucky  Koek  asphalt  is  found  principally  along 
the  southern  and  eastern  outcrop  of  the  western  coal 
field  of  Kentucky.  It  has  been  opened  and  commercially 
developed  in  the  counties  of  Edmonson,  Warren,  Logan, 
Breckinridge  and  Grayson.  It  is  known  to  outcrop  in 
Hancock  and  Hardin  and  is  reported  to  be  in  Hopkins. 
It  is  also  found  to  a  limited  extent  in  Northeastern  Ken- 
tucky, notably  near  Soldier  on  the  C.  &  0.  R.  R.  in  Car- 
ter countv. 

Geologically,  it  appears  in  the  Chester  sandstones 
and  in  the  lower  sandstones  of  the  coal  measures,  in- 
cluding the  Conglomerate  sandstone.  The  rock  is  very 
generallj^  a  sandstone  which  has  been,  more  or  less,  satu- 
rated with  petroleum,  the  latter  (which  completely 
coats  each  face  of  every  individual  grain  of  sand  and 
thus  forms  a  cementing  material)  being  oxidized  and  the 
lighter  oils  driven  off  by  exposure  to  the  air.  It  is  in 
fact,  an  *'oil  sand"  which  has  been  brought  to  the  sur- 
face and  which  after  exposure  to  the  elements,  forms  a 
mass  which  can  be  separated  only  by  crushing  and  grind- 
ing. The  percentage  of  bituminous  matter  contained 
varies  from  5%  to  21%,  7%  is  the  amount  required  for 
commercial  uses,  this  amount  having  been  found  best 
for  its  use  as  a  i)ractical  road  or  surfacing  material. 
The  thickness  of  the  beds  runs  from  3  to  30  feet,  though 
it  is  reported  as  high  as  40  feet  in  bored  wells.  It  is 
usually  worked  on  the  outcrop,  where  the  stripping  of 
earth  and  shale  or  sandstone  may  run  from  nothing  to  a 
thickness  equal  to  that  of  the  asphalt  bed.  It  is  more 
or  less  irregular  in  thickness  with  a  tendency  to  pockets 
of  variable  extent  and  thickness;  the  quality  is  also  ir- 
regular to  some  extent,  as  is  usually  the  case  with  na- 
tural products.    It  is  quarried  in  open  cut  with  steam  or 


•This    report    will   be    followed   by   one   on    the   Asphalt   Rock   on   Nolin 
River  and  Bear  Creek   which  is  now  ready  to  go  to  press. 
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hand  drills  and  blasted  with  the  usual  explosives,  either 
powder  or  dynamite.  Stripping  is  done  at  one  of  the 
quarries,  with  a  steam  shovel.  Asphalt  rock  has  been 
successfully  worked  in  several  places — such  as  Garfield, 
Breckinridge  Co. — less  successfully  at  Big  Clifty,  Gray- 
son Co.;  near  Russellville,  Logan  Co.,  Young's  Ferry, 
Warren  Co.,  and  about  2  miles  above  Lock  No.  4,  at  As- 
phalt, Edmonson  Co.,  several  miles  below  Brownsville, 
the  county  seat  of  Edmonson.  Here  it  is  found  at  the 
base  of  the  conglomerate  and  also  in  the  Chester.  The 
beds  run  from  5  feet  to  15  feet  in  thickness.  It  is 
quarried  in  open  cut  after  the  stripping,  which  latter 
runs  from  ,one  to  ten  feet  in  thickness  and  consists 
mainly  of  earth  and  sand,  is  removed  by  means  of  a  steam 
shovel.  This  plant  is  owned  and  operated  by  the  Wads- 
worth  Stone  and  Paving  Co.,  of  Pittsburg,  Pa.,  and  is 
immediately  on  Green  River,  which  has  slack  water  navi- 
gation and  is  navigable  every  day  in  the  year,  and  has 
as  much  as  ten  to  twenty  feet  of  water.  The  plant  is 
readily  accessible  to  the  L.  &  N.  R.  R.  at  Bowling  Green, 
Ky.,  and  to  the  Illinois  Central  R.  R.  at  Rockport,  Ky., 
the  first  50  miles  away  and  the  second  80  miles.  The 
property  consists  of  300  acres  in  fee,  and  a  still  larger 
amount  of  mineral  rights. 

The  boiler  capacity  of  the  plant  is  275  H.  P.  The  rock 
after  being  quarried,  is  broken  to  crusher  size  and 
carried  on  tram-cars  a  distance  of  one  mile,  to  a  jaw 
crusher,  where  it  is  reduced  to  the  size  of  a  walnut.  It 
then  passes  through  three  pairs  of  rolls,  about  18  inches 
in  diameter  and  24  inches  long.  It  is  here  reduced  as 
nearly  as  possible  to  individual  grains  of  sand;  every 
face,  of  every  grain,  is  permanently  coated  with  asphalt, 
and  in  this  condition  it  is  ready  for  use,  as  it  is  laid  cold, 
without  heating,  or  the  admixture  of  any  substance  what- 
ever. The  above  is  a  gravity  plant  from  the  quarry  to 
the  crusher,  and  thence  to  the  barges  on  the  river.  The 
crusher  is  about  600  feet  from  the  waters  edge.  To  prop- 
erly and  ecomonically  load  the  material  on  the  barges,  a 
solid  concrete  dock  8  feet  thick  at  the  bottom,  and  11  feet 
above  low  water  mark,  has  been  constructed  on  piles 
driven  30  ft.  into  the  river  bed.  On  this  dock  there  is  a 
tipple  12  feet  in  height  at  the  waters  edge  and  running 
back  to  level  ground  200  ft.  from  the  river,  where  a  per- 
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manent  chute  is  fixed  to  receive  the  loaded  dump  cars 
from  the  plant,  tlie  material  from  which  goes  from  either 
one  or  two  tracks  into  this  chute  which  delivers  it  to  the 
barge.  It  is  then  towed  to  Bowling  Green,  where  it  is 
transferred  bv  means  of  a  clam  shell  elevator  directly 
into  the  L.  &  N.  cars,  or  into  storage  as  occasion  demands. 
The  capacity  of  this  plant  is  300  tons  in  24  hours. 

Mastic.  In  addition  to  the  crushing,  and  grinding 
plant  there  are  heaters  and  mixers  for  manufacturing 
Mastic.  There  are  two  heaters  which  are  loaded,  and 
discharged,  four  times  in  24  hours,  with  a  capacity  of  50 
tons  for  that  time.  This  mastic  is  composed  of  about 
75%  of  pulverized  limestone,  20%  of  Ky.  Rock  Asphalt, 
and  5%  of  liquid  asphalt,  or  bitumen.  It  is  moulded  into 
50  lbs.  blocks  for  convenience  in  shipping  and  hauling. 
The  mastic  is  reheated  at  the  place  where  used  and  prop- 
erly seasoned  to  suit  the  needed  requirements.  It  is  used 
for  water  proofing  floors  of  breweries,  packing  houses, 
ice  houses,  cold  storage  rooms,  subways,  and  wherever 
a  watertight  and  waterproof  floor  is  needed.  As  stated 
above,  the  crude  rock  is  found  out  cropping  on  the  hills 
at  least  150  ft.  above  the  river  and  is  a  simple  quarrying 
proposition,  which  usually  carries  an  overburden  of  5  to 
15  ft.,  the  rock  asphalt  being  of  about  the  same  thickness. 
The  overburden  is  removed  by  the  use  of  steam  drills 
and  steam  shovels  after  being  first  loosened  bv  dynamite 
which  effectually  shatters  the  rock.  The  asphalt  rock 
is  also  drilled  with  steam  drills  and  shot  with  dvnamite 
the  same  as  any  ordinary  rock  quarry.  The  material 
from  this  quarry  has  been  and  is  being  extensively  ship- 
ped as  far  north  as  London,  Canada,  and  west  as  far  as 
Topeka,  Kan.,  while  large  quantities  go  to  New  York  for 
state  highways,  as  well  as  to  Pennsylvania,  Cleveland 
and  Columbus,  Ohio,  Detroit,  Mich.,  and  many  other 
points. 

Specifications. — The  following  specifications  are 
for  a  roadway,  having  a  6  inch  stone  foundation  and  a 
21U  inch  wearing  surface  of  Bock  Asphalt,  but  they  can 
be  changed  to  suit  local  conditions  and  to  comply  w^ith 
the  engineer's  standard  requirements. 

kSub-Grade. — The  sub-grade  shall  be  brought  to. an 
even  uniform  surface  parallel  with  the  proposed  finished 
surface.     The    entire  sub-grade    shall  be    rolled  with  a 
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steam  roller  of  ten  tons  or  more  until  it  is  thoroughly 
compact,  and  firm.  Any  portion  not  accessible  to  the 
roller  sliall  be  tamped. 

Foundation. — Upon  this  sub-grade  thus  prepared 
shall  be  spread  clean,  sharp  hard  limestone  of  the  proper 
size  and  of  such  thickness  that  it  will  measure  three 
inches  after  being  thoroughly  rolled.  Upon  this  will  be 
l)laced  fi  three-inch  layer  of  similar  stone.  After  proper 
rolling  this  top  layer  shall  be  filled  with  limestone  screen- 
ings or  sand  and  also  well  rolled.  The  resulting  surface 
shall  present  a  true  and  even  appearance  2^2  inches  be- 
low the  proposed  finished  roadway  and  shall  be  suf- 
ficiently compact  to  sustain  traffic  without  showing  any 
depressions  or  ruts. 

(Note). — Sandstone,  trap,  or  furnace  slag  may  be 
used  in  place  of  limestone,  provided  they  are  properly 
bound  together  with  suitable  material.  A  Telford  base 
can  also  be  used  provided  it  gives  a  similar  surface. 

Final  Stone  TjAyer. — On  the  foundation  thus  pre- 
l)ared  there  shall  be  spread  a  2^^  inch  course  of  lime- 
stone. This  course  shall  be  given  one  rolling  onlv.  Just 
sufficient  to  smooth  the  surface  to  receive  the  asphalt. 

Asphalt  Wearing  Surface. — The  roadway  is  now 
ready  for  the  first  layer  of  cold  asphalt,  which  shall  be 
dumped  on  working  boards  and  not  directly  on  the  final 
stone*  course.  Before  spreading  all  lumps  shall  be 
broken  or  cut  up  so  that  it  can  be  uniformly  spread  over 
the  stone.  It  shall  be  spread  with  shovc^ls,  using  about 
20  lbs.  per  sq.  y<l.  for  the  first  layer.  This  layer  is  in- 
tended to  i)artly  fill  the  voids  and  hold  the  stone  in  place, 
while  the  second  layer  will  fill  the  remainder  of  the  voids, 
in  addition  to  forming  the  wearing  surface. 

When  sufficient  area  has  been  covered  the  asphalt 
shall  be  forced  into  the  voids  by  rolling  the  area  twice. 
After  the  first  cover  has  been  laid  care  should  be  taken  to 
pr(»V(mt  any  foreign  matter  being  carric^d  on  this  course 
before  the  setMincl,  or  final  (»ourse  of  asphalt  has  been 
sj^read.  This  is  to  insure  tlu*  ])rop(M*  bond  between  the 
two  coni'S(»s.  When  a  reasonable  amount  of  the  first 
layer  has  been  (*oin])leted  the  second,  or  final  layer,  shall 
1)(^  spread  and  raked  to  a  uniform  thickness  of  one  inch 
in  a  loos(»  stat(\  using  (10  l])s.  to  the*  s(].  yd.  Th(»  surface 
is  now  !eady  for  the  final  rolling,  but  care  nuist  be  taken 
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not  to  roll  the  surface  too  much  immediately  after  laying. 
Two  rollings  are  sufficient  for  the  first  day,  after  which 
it  shall  have  one  rolling  each  day  for  three  successive 
days  and  the  roadway  shall  be  closed  to  traflSc  during 
that  period.  None  of  the  completed  first  layer  shall  be 
left  uncovered  by  the  second  layer  over  night.  The  rock 
asphalt  used  shall  be  equal  to  that  quarried  in  the  State 
of  Kentucky,  containing  an  average  of  7%  of  natural 
bitumen  and  in  no  case  shall  the  average  be  less  than  6% 
and  the  material  shall  be  ground  as  fine  as  possible,  every 
grain  separate  and  distinct  being  the  ideal  condition. 
Since  it  is  of  a  sticky  or  viscous  nature  it  cannot  be 
screened,  therefore  a  small  percentage  of  coarse  or 
lumpy  material  cannot  be  avoided;  this  is  not  particu- 
larly objectionable  as  during  the  rolling  the  lumps  are 
either  crushed  or  incorporated  with  surface  material. 

Test  for  the  Bitumen. — Five  samples  shall  be  taken 
from  different  parts  of  a  given  quantity  (approximately 
one  pound)  which  shall  be  thoroughly  mixed  and  from 
which  a  test  sample  equal  to  5  grains  shall  be  taken  and 
the  bitumen  removed  by  the  ignition  test.  Carefully 
weigh  the  material  before  testing,  and  then  the  residue, 
which  is  silica  sand.  The  difference  represents  the  total 
amount  of  pure  bitumen,  which  divided  by  five,  will  show 
the  percentage  of  bitumen  present.  In  selecting  the  test 
samples  only  finely  ground  material  should  be  used. 

Quantity  Required. — The  asphalt  shall  be  spread  in 
the  two  layers,  so  that  one  short  ton  (2,000  lbs.)  will  not 
cover  more  than  25  square  yards  of  completed  roadway. 

Proper  to  Tjay. — This  should  be  done  in  warm,  dry 
weather,  but  may  be  done  in  cool  weather  if  clear  and 
the  temperature  is  not  under  60^.  F.,  and  if  additional 
time  is  allowed  for  the  asphalt  to  settle  and  compact  itself 
before  opening  the  road  to  travel.  If  during  the  rolling 
of  the  final  layer  on  a  hot  day,  the  asphalt  sticks  to  the 
roller,  the  rolls  should  be  greased  with  a  thin  coat  of 
lubricating  oil  which  will  prevent  further  sticking.  While 
a  ten  ton  roller  is  necessary  for  the  sub-grade  and  founda- 
tion, an  eight  ton  tandem  asphalt  roller  is  preferable  for 
rolling  the  asphalt  surface,  and  it  is  further  suggested 
that  the  speed  of  the  roller  be  cut  down  one-half  to  pre- 
vent the  asphalt  surface  from  creeping  in  front  of  the 
roller.     All  the  rolling  connected  with  the  entire  con- 

geo.  34 
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struction  of  a  roadway,  shall  be  started  along  the  edges, 
and  worked  to  the  center  or  crown  of  the  roadway. 
While  it  is  natural  for  this  material  to  cup  and  pick  up 
in  its  early  stages,  after  two  weeks,  or  three  at  the  most, 
this  will  cease,  and  produce  a  smooth,  dustless,  mudless 
and  noiseless  roadway,  w^hicli  is  waterproof  and  practi- 
cally automobile  i>roof . ' ' 

Specification  for  Resurfacing  an  Ordinary  Ma- 
cadam Roadway. — **  When  possible,  raise  the  crown  of  the 
road,  clean  the  surface  by  removing  all  dust  and  loose  ma- 
terial. The  ruts  and  holes  must  be  filled  with  stone,  and 
the  surface  smoothed  over,  and  thoroughly  rolled.  On 
this  prepared  surface  there  shall  be  sj^read  a  new  top 
coat  of  limestone  and  asphalt  in  the  manner  specified 
under  *^ Final  Stone  Course,"  and  ** Wearing  Surface," 
which  comj)letes  the  roadway.  When  it  is  impossible  to 
raise  the  grade  or  crown  of  the  road  to  be  resurfaced,  all 
mud,  dust  and  loose  material  shall  first  be  removed  and 
the  surface  of  the  old  road  shall  then  be  loosened  by  using 
spikes  in  the  steam  roller,  or  by  other  practical  means. 
The  old  wearing  surface  thus  loosened  shall  be  removed 
and  the  foundation  shall  be  reshaped,  so  that  the  surface 
will  be  similar  to  that  hereinbefore  specified.  **For 
Foundation,"  thence  proceeding  as  for  a  new  roadway." 

A  sample  section  of  this  material  was  put  down  in 
Bowling  Green,  Ky.,  August,  1907,  by  B.  F.  Heidel  of  the 
office  of  Public  Roads,  under  the  supervision  of  Vernon 
D.  Pierce  of  the  same  department.  Circular  89,  Office  of 
Public  Roads,  Dei)artment  of  Agriculture,  Washington, 
D.  C,  April  20,  1908,  says:  **As  soon  as  one-half  of  the 
roadway  had  been  surfaced  and  properly  rolled,  it  was 
opened  to  traffic,  in  the  hope  that  the  asphalt  would  be 
further  worked  into  the  voids,  of  the  stone  by  the  action 
of  the  wheel  and  hoofs.  At  first  the  coating  rutted  badly, 
under  the  weight  of  the  heavy  loads  of  gravel  and  logs 
to  which  it  was  subjected,  and  the  smoth  surface  given  by 
the  roller  was  seriously  cut  by  the  hoofs.  This  effect  de- 
creased visibly  after  three  or  four  days.  .At  the  end  of 
a  week  no  trace  remained  of  the  deepest  ruts,  and  the 
surface  had  become  smooth  and  compact.  It  then  pre- 
sented an  appearance  not  unlike  that  of  an  asphalt  pave- 
ment, which  has  been  opened  for  traffic  for  sometime. 
Practically  little  impression  was  made  on  the  surface  by 
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traflBc  after  a  week,  except  on  very  warm  days,  and  this 
was  not  sufficient  to  impair  its  appearance  or  value. 
After  four  months  the  appearance  of  the  roadway  had 
undergone  no  appreciable  change,  but  particles  of  lime- 
stone were  exposed  to  view.  This  was  undoubtedly  due 
in  large  measure  to  the  effect  of  forcing  the  asphalt  into 
the  voids  of  the  stone,  as  a  large  part  of  the  traffic  is  con- 
fined to  the  center  of  the  pavement.  The  axis  of  the 
roadway  had  been  more  or  less  disturbed  while  the  as- 
phalt was  being  laid,  and  it  is  possible  that  the  few  pro- 
truding stones  were  those  which  had  been  raised  above 
the  general  plane  of  the  rock  surface  and  were  not  cov- 
ered to  the  same  depth  by  the  rock  asphalt  as  the  sur- 
rounding rock. 

Incisions  into  the  asphalt  surface  at  this  time  re- 
vealed no  perceptible  loss  by  drying  or  hardening  of 
the  bitumen,  as  the  sand  particles  showed  their  normal 
inclination  to  move  when  warmed  in  the  hand.  The  per- 
manence of  macadam  construction  depends  largely  on 
the  nature  of  the  binder  used,  and  the  ability  of  traffic 
to  supply  by  attrition  the  material  removed  by  wind  and 
water.  It  was  to  test  the  adaptability  of  rock  asphalt  as 
such  a  binding  material,  that  the  piece  of  construction 
was  undertaken.  The  pavement  is  dustless,  there  is  no 
appreciable  wear  of  the  surface  material  to  be  raised 
and  carried  away  by  the  wind  as  dust,  and  such  dirt  as 
may  be  carried  upon  it  is  readily  removed  by  sweeping 
or  flushing  with  water.  There  is  sufficient  adhesive 
power  in  the  bitumen  to  serve  as  a  cement  to  hold  the 
stone  of  the  wearing  surface  in  place — giving  at  once  a 
smooth,  and  w^ater-proof  surface.  It  is  resistent  to  de- 
formation under  a  load,  yet  sufficiently  plastic  to  break 
the  severity  of  the  blow  from  a  horse's  hoof,  and  thus 
in  a  measure  avoid  the  harmful  effects  of  a  rigid  pave- 
ment on  animals.  In  1910  another  inspection  showed  the 
surface  clean,  smooth  and  compact,  with  no  ruts,  and 
having  the  appearance  of  a  first-class  asphalt  city  street. 
The  individual  crashed  stones  were  tightly  bound  to- 
gether, and  not  a  single  loose  stone  was  found;  the  sur- 
face was  everywhere  hard  and  well  compacted,  and  a 
sinall  specimen  of  the  rock  asphalt,  when  dug  out  and 
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warrnofl  in  tlic*  Iiaiid  sliowed  that  the  surface  bitumen 
Htill  had  considerable  life. 

To-day  tlie  surface  pre^^ents  a  good  appearance, 
firm  and  generally  smooth,  and  the  asphalt  is  apparently 
as  alive*  as  when  first  laid.  Some  of  the  white  spots  of 
lim(*stone  are  still  seen,  Init  the*  individual  stones  are 
firmly  h(*ld  in  |)lac(*.  Th(»re  has  been  no  raveling;  some 
un(»vcn  |)la(*es  have  a|)p(»ared  due  to  irregular  scatter- 
ing and  spreading,  together  with  slight  defects  in  the 
foundation.  It  has  f)assed  the  sixth  winter  and  is  found 
ill  excell(»nt  condition,  though  there  have  been  no  re- 
pairs. ()n(»  of  the  r(»cent  U.  S.  Iligliway  Inspectors  when 
asked  liis  opinion  as  to  cost  of  maintenance,  replied  that 
one*  man  with  a  motor  car,  and  the  crushed  asphalt 
))r()|)(Mly  distributed  along  the  road  could  maintain  25 
mil<\s  ind('linit(»lv  for  ordinarv  traflfic.  The  same  ma- 
terial  when  used  at  (^)lumbus,  Ohio,  showed,  after  sev- 
(»ral  months  of  steadv  traffic,  a  surface  as  smooth  as  the 
best  finished  asphalt  st!(»et,  with  no  waves  or  cracks, 
and  cntirelv  fr(»e  from  dust.  It  is  much  like  ordinary 
street  asphalt  and  it  is  constructcMl  without  artificially 
heating  th(»  matcMial,  as  well  as  without  the  admixture 
of  any  foreign  substance*;  but  just  as  it  comes  from  na- 
ture. Th(»  (^xperiuKMit  of  the  Federal  Government  at 
liowling  (ireen  was  nuule  at  the  suggestion  of  the 
writ(»r,  and  in  his  i)resence;  luMice  he  is  prei)ared  to  sub- 
stantiati*  evi^ry thing  stated. 

It  is  very  difficult  to  have  the  g(»neral  public  and 
lh(»  uj^ers  of  ai  tilicial  asi)halts  uiuh^rstand  that  a  natural 
nuiterial,  or  anv  other  asphaltic  substance  can  be  laid 
cold  and  without  mixing  it  Avith  some  liquid  material 
such  as  oil,  tar,  or,  artificially  prei)ared  as})halt.  Sub- 
stantiating tins  statement,  H.  F.  llei.kd,  in  a  letter 
July,  UMl\  says: 

**  Speaking  of  KiMitucky  Asphalt  which  was  laid 
o\\  tht*  ('emetery  Pike  at  liowling  (Jreen,  Ky.,  Aug., 
IIH^T,  this  material  was  from  the  quarries  of  the  Wads- 
worth  Sti>ne  and  Paving  Co.  on  tireen  Kiver,  where  it 
A\as  prei)ared  for  use  on  the  road  by  crushing.  Xo 
other  nuiterial,  either  sand  or  bitumen  was  added  to 
change  the  consistency  of  the  crushed,  native  product. 
The  rock  asphalt  was  applied  to  the  wearing  surface 
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of  the  stone  at  atmospheric  temperature  and  at  no  time 
during  the  construction  was  artificial  heat  applied, 
either  to  the  wearing  course  of  stone,  or  to  the  rock 
asphalt. 

Annual  inspection  has  been  made  since  that  time 
by  engineers  from  the  Office  of  Public  Eoads  in  the  De- 
partment of  Agriculture.  The  reports  show  *'that  the 
pavement  has  remained  practically  unchanged  in  ap- 
pearance, with  little  evidence  of  wear,  and  the  bitumen 
has  retained  its  life  to  the  present  time.'* 

The  same  material  is  found  in  the  Chester  sand- 
stone, north  of  Russellville,  Ky.,  and  in  parts  of  Logan 
county  in  the  same  geological  horizon,  as  that  of  Edmon- 
son, AVarren  and  Grayson.  It  is  described  by  a  mining 
engineer,  as  **a  natural  combination  of  asphalt  or  bitu- 
men, with  sand,  and  is  of  an  unusual  and  remarkable 
nature.  The  asphalt  is  of  the  finest  quality  and  the 
sand  of  a  degree  of  hardness  and  sharpness  unknown 
in  this  country  or  elsewhere,  and  is  wonderfully  adapted 
to  street  and  road  surfacing. ' ' 

**It  refines  to  99%  of  its  total  bitumen  at  a  cost  not 
exceeding  $5.00  a  ton.  For  this  high  degree  of  purity, 
samples  from  both  Edmonson  and  Logan  counties 
yield  8  to  21%  of  bitumen  and  92%  to  79%  of  clean,  hard 
wliite  sand.  Tlie  highest  grades  are  too  rich  for  road, 
and  street  woi'k  and  must  l)e  reduced  by  mixing  with  a 
leaner  material  until  a  composition  as  follows,  is 
reached:  Asphalt  7%  to  8%,  Sand  93%  to  92%,  Quarry- 
ing is  in  open  cut  and  is  done  by  means  of  steam  drills, 
and  dynamite.  Under  some  circumstances  black  pow- 
der is  used  to  advantage.  The  bitumen  or  asphalt  is 
equal  to  that  found  anywhere  and  the  combination  makes 
a  high  class  durable  surface  for  street  and  highways 
and  is  alwavs  laid  without  artificial  heat  or  the  use  of 
limestone,  or  other  material.''  At  one  quarry  the  aver- 
age cost  of  quarrying  and  carrying  to  the  crusher  is 
45  cents  per  ton,  while  the  cost  of  crushing,  grinding  and 
putting  on  the  cars  is  80  cents.  An  opening  on  the  Dis- 
mal Fork  of  Xolin  in  Edmonson  county  some  ten  miles 
West  of  Mammoth  Cave  is  thus  described  by  M.  W.  V^n- 
able,  a  distinguished  civil  and  mining  engineer  of 
"Charlestown,  AV.  Va.  **  After  an  exhaustive  examination, 
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the  geological  character  of  the  country  and  locality 
seems  to  be  regular,  with  no  faults  or  displacements. 
The  asphalt  deposit  lies  about  90  feet  below  the  top  of 
the  ridge  and  consists  of  a  heavy  stratum  of  very  pure 
sandstone  saturated  with  bitumen.  The  sand  is  held 
together  entirely  by  the  latter.  AVlien  the  impregnated 
sandstone  is  exposed  to  heat,  the  pitch,  or  bitumen  col- 
lects on  its  surface.  Therefore  it  may  be  expected  that 
the  out-crop  indications  only  api)roxiniate  the  thickness, 
and  richness  of  the  stratum  under  the  hill,  vet  the  out- 
croj)  is  from  15  feet  upwards  in  thickness  and  rich 
enough  to  warrant  its  use  on  streets  and  road  surfaces. 
The  outcrop  may  be  traced  along  the  foot  of  the  hill 
over  the  entire  j^roperty  and  at  every  point  its  character 
remains  constant.  It  is  estimated  that  9,000,000  tons  of 
commercial  material  are  found  on  an  area  of  350  acres. 
By  a  crude  process  of  boiling  2240  lbs.  of  average  rock 
asphalt,  produced  80  gallons  of  crude  bitumen,  which 
w^as  boiled  down  to  65  of  refined  material. 

As  a  paint  it  appears  to  possess  the  consistency  of 
refined  caout-chouc.  Spread  on  tin,  no  amount  of  bend- 
ing or  percussion  breaks  or  cracks  it.  Exposed  to  the 
weather  it  neither  cracks  or  peels.  From  its  location 
and  character,  it  can  be  mined  very  cheaply  in  opencut. 
This  is  the  most  valuable  mineral  property  I  have  ever 
reported  on. ' ' 

There  are  more  than  one  hundred  openings  in 
Grayson  and  Edmonson  counties,  from  Grayson  Springs 
along,  and  on  both  sides  of  the  divide  between  Bear 
Creek  and  Nolin  river,  where  it  is  readily  accessible  to 
water  transportation  to  the  Ohio  and  thence  throughout 
the  Mississippi  Valley.  After  a  careful  personal  inspec- 
tion. Dr.  Edward  Orton,  late  State  Geologist,  of  Ohio, 
said : 

**It  may  be  stated  that,  while  it  is  too  much  to  ex- 
pect that  the  first  attempts  to  use  a  new  material  will 
be  entirely  successful  and  satisfactory,  the  results  so 
far  obtained  are  on  the  whole,  sufficiently  encouraging 
to  warrant  the  prediction  that  Kentucky  Rock  Asphalt 
will  be  extensively  used  for  street  and  highway  surfac- 
ing. If  the  present  methods  of  manipulation  are  not  the 
best,  better  ones  will  be  found.    It  took  years  of  care- 
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ful  experiments  to  bring  the  mixture  known  as  Trina- 
dad  Asphalt  to  its  present  state  of  etBciency,  and  it  will 
be  strange  if  a  material  which  exists  in  abundance  so 
near  the  center  of  population  of  the  U.  S.  (150  miles) 
and  which  comes  from  the  hand  of  nature,  so  nearly 
what  is  required  for  a  pavement  (or  surface)  of  the  best 
class,  shall  not  by  a  little  skillful  manipulation  be  per- 
fected and  made  to  supply  this  important  demand.'' 

The  above  prediction  has  been  fully  verified  and 
substantiated  by  the  numerous  experiments  and  reports 
of  U.  S.  Highway  Engineers  and  contractors  in  many 
parts  of  the  Union.  Kentucky  Rock  Asphalt  has  passed 
the  stage  of  experiment  and  is  a  recognized  commercial 
product  second  to  none  for  surfacing  highways  and 
streets.  The  fact  that  it  can  be  used  cold,  without  arti- 
ficial cooking,  or  heating,  and  without  the  use  of  any 
outside  material,  such  as  liquid  asphalt,  oil  or  tar,  and 
also  without  the  use  of  pulverized  limestone,  greatly  en- 
lumces  its  economic  value.  It  has  a  very  promising 
future,  in  this  day  of  highway  improvements,  especially 
v/hen  it  is  considered  that  one  short  ton  will  surface 
one  square  rod  about  two  inches  deep,  which  amounts 
to  320  tons  per  mile  for  a  roadway  sixteen  feet  wdde.  At 
a  cost  of  $5.00  per  ton,  this  means  $1,600.00  for  an  ideal 
boulevard  which  is  practically  waterproof,  noise-proof, 
dust-proof,  automobile-proof  and  well  night  indestruct- 
ible. One  man  and  a  motor  car  can  maintain  indefinitely 
25  miles,  when  the  material  is  suitably  distributed  along 
the  roadway. 

A  sample  or  specimen  section  has  been  laid  on  the 
Lincoln  way  at  St.  Helens,  south  of  Louisville  in  Jef- 
ferson county,  Kentucky,  and  it  is  the  hope  and  expec- 
tation that  the  entire  incoln-Jackson  w^ay  from  Louis- 
ville via  the  Lincoln  Home  at  Hodgenville,  thence  by  the 
Mammoth  Cave  and  Bowling  Green  to  Nashville,  Tenn., 
a  distance  of  200  miles  will  be  surfaced  with  this  ma- 
terial. No  roadway  in  the  United  States  would  equal 
this.  As  an  automobile  boulevard  it  could  not  be  ex- 
colled.  The  Kentucky  Rock  Asphalt  deposits  parallel 
this  highway  for  120  miles  and  at  no  point  are  they 
more  than  20  miles  distant. 
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It  is  now  being  transported  many  hundred  miles  for 
streets  and  highways  in  far  off  states  and  Canada.  It  is 
a  promising  material  and  only  needs  such  exploiting  as 
an  official  report  will  give  it. 

It  may  well  be  considered  the  coming  highway  sur- 
face material  for  durable  and  economic  construction.  As 
before  said  the  crushed  and  ground  material,  contain- 
ing not  less  than  7%  bitumen  is  used  as  a  top  dressing 
or  surfacing  matc^rial  in  the  place  of  limestone  or  other 
screenings  and  produces  a  dustlems,  noiseless  and  in- 
expensive surface,  which  requires  less  work  for  con- 
struction than  an  ordinary  water  bound  macadam.  It  is 
used  raw,  no  artificial  cooking  or  heating  being  neces- 
sary. The  latter  statement  is  repeated,  because  it  is  al- 
most impossible  to  make  the  average  highway  contrac- 
tor and  some  highway  engineers  understand  that  any 
asphalt,  natural  or  artificial,  can  be  used  for  surfacing 
without  heating  or  cooking,  by  raising  the  temperature 
to  250  or  more  degrees.  The  only  machine  needed  is  the 
ordinary  10  ton  steam  roller,  the  asphalt  being  of  such 
a  nature  that  the  rolling  and  later  travel  is  amply  suffi- 
cient to  pack  the  roadway  as  smooth  and  hard  as  a  reg- 
ular pavement.  The  best  results  are  obtained  when  the 
weather  is  warm  on  account  of  the  fact  that  the  asphalt 
is  then  in  a  better  condition  to  pack.  It  should  not  be 
laid  when  the  temperature  is  below  60""  or  while  raining, 
but  the  wanner  the  dav  the  better. 

From  this  fact  the  material  can  be  used  in  the  far 
south  all  winter  and  in  the  far  north  during  the  heated 
summer  months.  A  steam  heated  roller  will  permit  it  to 
be  used  everywhere  at  all  seasons.  The  rock  asphalt 
system  of  road  construction  is  simpler  and  requires  less 
labor  than  ordinary  macadam,  as  less  metal  is  needed 
and  the  hauling  of  several  grades  or  sizes  of  stone  is 
unnecessary,  also  one  or  two  rollings  are  saved. 

After  the  traffic  is  turned  upon  the  road  it  beats 
down  much  harder  and  quicker  than  the  water  bound 
macadam  and  is  never  dusty,  muddy  or  slipper}'.  It  ap- 
proximates sanded  nibber  more  nearly  than  anything 
else.  The  reason  it  is  never  dusty  is  that  the  asphalt, 
from  its  oily,  viscous  nature  cannot  form  dust  and 
quickly  settles  any  outside  dust  that  may  fall  upon  it. 
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"l^liis  asphalt  surface  will  greatly  outwear  any  macadam 
surface  because  the  asphalt  wearing  surface  does  not 
grind  up  and  blow  away,  and  therefore  remains  a  long 
time  in  good  condition.    It  is  well  known  that  there  are 

only  two  ways  by  which  a  stone  or  macadam  road  wears 

*  •       .'  

out,  one  by  the  action  of  water,  the  other  by  wind.  The 
dust  that  forms  from  the  grinding  up  of  the  stone  is 
either  washed  aw^iy  or  blown  away.  Neither  of  these 
conditions  can  affect  Rock  Asphalt  as  it  is  both  water- 
proof and  dust-proof.  Excellent  samples  of  this  ma- 
terial as  a  street  surfacing  material  are  seen  at  Bowl- 
ing Green,  Ky.,  on  the  public  square,  where  it  was  laid 
in  1905,  also  at  Birmingham,  Ala.,  Belle  Isle  Park,  De- 
troit, Mich.,  Sewickly,  Pa.,  Emmett  St.,  Evansville,  Ind., 
(1907);  Williamsville  road.  East  Buffalo,  N.  Y.  (1908); 
Euclid  road,  Cleyeland,  Ohio  (1908) ;  Nelson  road,  Ohio 
State  Department,  Columbus,  Ohio  (1909) ;  U.  S.  Ex- 
perimental road,  Ithaca,  N.  Y.  (1909) ;  Seminary  Ave., 
Greensburg,  Pa.  (1909) ;  New  York  State  road.  No.  481, 
Pittsford  road  (1909) ;  New  York  State  road,  No.  750, 
Clarence  Center,  N.  Y.  (1909);  New  York  State  road. 
No.  645,  Orchard  Park  to  Jewettsyille  (1909),  New  York 
State  road.  No.  642,  Angola  to  Evans  Center  (1909); 
New  York  State  road.  No.  480,  Churchville,  N.  Y. 
(1909);  driveways,  tennis  court  and  athletic  field.  Belle 
Isle  Park,  Detroit,  Mich.  (1909);  Staunton  Military 
Academy,  Staunton,  Ya.  and  many  other  places. 
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SOIL  SURVEYS. 

SOILS  OF  THE  EASTEEN  COALFIELD. 

BY 

S.  C.  Jones. 


The  area,  embraced  in  the  Eastern  Coalfield  that  is 
generally  referred  to  as  the  **  Mountain  Region  of  Ken- 
tucky'' represents  about  one-fourth  of  the  total  area  of 
the  State  or  about  10,000  square  miles.  It  has  long 
been  looked  upon  by  those  ignorant  of  its  possibilities, 
as  a  practically  valueless  country.  In  truth  it  has  been 
handicapped  in  the  past,  because  or  its  poor  wagon 
roads  and  absence  of  railroads,  which  meant  that  it  was 
practically  shut  off  from  the  rest  of  the  world. 

While  this  section  of  the  State  is  not  an  agricultural 
country,  the  fact  that  its  mining  interests  are  being  de- 
veloped means  also  the  development  of  conditions  favor- 
able for  certain  phases  or  types  of  agriculture. 

Geology. 

The  coal  measures  of  Eastern  Kentucky  are  made  up 
of  shales,  sandstones  and  conglomerates  in  the  lower 
part  of  the  formation,  while  the  upper  part  is  made  up 
more  largely  of  shales,  clays,  and  sandstones. 

The  conglomerate  or  lower  portion  of  the  formation 
outcrops  over  a  strip  ranging  from  5  to  25  miles  wide, 
along  the  western  border  of  the  field.  This  area  prob- 
ably represents  about  one-third  of  the  whole  field  and 
includes  a  portion  of  Wayne,  Wliitley,  Pulaski,  Laurel, 
Kockcastle,  Jackson,  Owsley,  Lee,  Estill,  Wolf,  Powell, 
Menifee,  Morgan,  Rowan,  Elliott,  Carter,  and  Greenup 
counties. 

The  rocks  of  the  coal  measures  dip  towards  the 
southeast  and  the  conglomerates  that  outcrop  over  the 
western  margin  of  the  field  are  carried  under,  leaving 
the  upper  coal  measures  outcropping  over  the  remain- 
der of  the  area. 
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Topography. 

The  topography  of  this  region  is  hilly  and  moun- 
tainous, the  attitude  varying  from  about  600  feet  above 
sea  level  at  the  lowest  points  along  tlie  streams,  to  about 
4,000  feet  above  sea  level  at  the  highest  points  in  the 
Black  Mountains  near  the  Kentucky- Virginia  State  line. 
The  height  of  the  average  hill  is  probably  between  400 
and  700  feet  above  the  vallev. 

In  the  conglomerate  area  the  hills  are  not  so  high 
and  more  or  less  ridge  land  is  found,  while  as  a  rule  in 
the  remainder  of  the  area  the  hills  are  high  and  steep 
and  the  ridges  very  narrow.  Massive  conglomerate  and 
sandstone  ledges  outcrop  in  the  hills  in  much  of  the  con- 
glomerate area,  while  sandstone  ledges  are  much  less 
numerous  in  the  area  formed  from  the  upper  coal  meas- 
ures. 

The  bottoms  along  the  streams  are  as  a  rule  nar- 
row; however,  there  are  exceptions  to  this  rule. 

Soils. 

Just  as  the  geology  of  the  conglom(»rate  series  dif- 
fers from  that  of  the  upper  coal  measures  so  the  soils 
formed  from  this  series  differ  from  those  formed  from 
the  upper  coal  measures.  -  The  conglomerate  soils 
are  as  a  nile  more  sandy  and  in  many  places 
contain  a  heavy  waste  of  conglomerate  pebbles. 
^J'hey  contain  nnich  less  clay  and  conscMjuently  are  nmch 
less  re  tentative  of  moisture.     As  shown  from  the  cro)> 

vields  and  their  chemical  analvsis  thov  have  a  much 

•-  »•  » 

lower  content  of  plant  food  than  those  formed  from  the 
upper  coal  measures. 

The  soils  of  the  eastern  coalfield  may  in  a  sreneral 
way  be  divided  into  three  divisions,  viz.:  Those  of  the 
ridges,  those  of  the  hillsides  and  those  of  the  bottoms. 

The  ridge  land  is  found  mainly  along  the  western 
border  of  the  coalfield  in  the  conglomerate  area.  Here 
the  ridges  contain  soils  varying  from  sand  to  sandy 
loams,  silt  loams  or  loams  which  are  usually  underlain 
with  a  more  clay-like  subsoil. 

In  the  upper  coal  measures  in  LawTence  and  Boyd 
counties  are  some    verj^  nice     ridge  lands    containing 
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rather  heavy  soils.  Here  clay  and  shale  predominate  in 
the  formation,  which  gives  rise  to  apparently  fertile 
loams  or  clay  loams,  on  which  blue  grass  and  other 
grasses  thrive  verj^  luxuriently. 

On  the  hillsides  in  the  eastern  coalfield  are  found 
loams,  silt  loams,  sandy  loams  and  shale  or  gravel 
loams.  The  subsoils  underhing  these  soils  vary  from 
a  yellowish  or  reddish  loam  with  more  or  less  sandstone 
gravel  intermingled. 

The  soils  on  hillsides  facing  east  and  north  and 
those  in  the  coves  are  usually  deeper  than  those  on  the 
south  and  west  hillsides.  The  south  and  west  hillsides 
are  regarded  better  for  grass  while  the  east  and  north 
hillsides  are  regarded  better  for  cultivation. 

It  will  be  seen  by  observing  the  State  geological 
map  that  streams  are  nuqierous  in  the  eastern  coalfield, 
along  which  are  found  more  or  less  bottom  land.  The 
width  of  the  bottoms  varies,  of  course,  with  the  size  of 
the  stream.  Along  many  of  the  streams  is  found  both 
a  first  and  second  bottom.  The  first  bottom  lies  near  the 
stream  and  is  subject  to  overflow,  while  the  second  bot- 
tom is  usually  above  the  overflow  line. 

In  the  first  bottoms  brown  sandv  loams,  and  loams 
are  found,  while  in  the  second  bottoms  are  found  silt 
loams,  loams  and  clay  loams  of  varying  color,  ranging 
from  gray  to  yellow  and  brown.  The  gray  soils  are 
found  in  the  wider  bottoms  near  the  base  of  the  hill, 
cind  would  be  greatly  benefited  by  artificial  drainage. 
No  doubt  drainage  would  greatly  benefit  practically  all 
of  the  second  bottom  soils. 

SOILS  OF  EOCKCASTLE  COUNTY. 

Geology. 

Rockcastle  county  lies  just  south  of  Madison  and  oc- 
cupies a  position  somewhat  intermediate  between  the 
counties  of  the  *'Blue  Grass  Region  *'  and  those  of  the 
mountain  section  of  the  State. 

Being  included  mainly  in  the  carboniferous  forma- 
tion it  contains  a  series  of  geological  horizons  ranging 
from  the  coal  measures  down  through  the  sub-carboni- 
ferous and  into  the  Devonian  and  Silurian  rocks. 
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From  these  formations  are  derived  a  number  of  soil 
types  difTering  widely  in  their  origin,  topography,  chem- 
ical and  physical  nature. 

Eocks  of  the  coal  measures  formation  outcrop  over 
the  eastern  portion  of  the  county.  At  the  base  is  found 
in  phices  a  massive  conglomerate  sandstone,  while  some 
300  feet  higher  is  another  and  similar  conglomerate.  Be- 
tween these  conglomerates  the  formation  is  made  up  of 
sandstone,  sandy  shales,  coals  and  clays.  The  topo- 
graphy of  this  area  is  generally  rough,  the  hills  and 
cliffs  rising  rather  abruptly  to  an  altitude  of  from  200 
to  500  feet  inclosing  very  narrow  valleys. 

Chemical  Analysis. 

The  following  chemical  analysis  are  by  the  Experi- 
ment Station  chemists  from  average  samples  collected 
by  the  writer.  They  are  calculated  upon  the  sifted  soil, 
after  passing  through  a  sieve  with  circular  openings  2 
m.  m.  in  diameter.  The  per  cent  of  gravel  removed  is 
stated  after  the  chemical  analysis. 

Chemical  Analysis  of  Kockcastle  County  Soils. 

Lower  Coal  Measures  Soils,  Calculated  as  Per  Cent  of  the 

moisture-free  Samples. 


ffr 


Surface  Soil  0-6"  Subsoil  6-18' 

Laboratory  number  36237  36245  36238  36246 

Total  nitrogen  1272  .0842  .0572          .0452 

Total   phosphoric  acid   0725  .0462  .0700  .0475 

Phosphoric  acid   dissolved     by   n/5 

nitric  acid  0018  .0008  .0009  .0003 

Total  potash  1.10  1.10  1.36  1.37 

Lime  dissolved  by  n/5  nitric  acid 1822  .1121  .0547  .0533 

Potash  dissolved  by  n/5  nitric  acid..    .0309  .0118  .0193  .0125 
Acidity  calculated  as  lime   required 

to   neutralize   acid 002  .002  .041  .104 

Gravel  removed  by  2  m.  m.  sieve,  as 

per  cent,  of  air-dried  sample....l3.9  8.8  11.9  1.6 
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Surface  0-6" 

Laboratory  number  36256  362G1 

Total   nitrogen   0740  .0610 

Total  pbospborlc  acid  0663  .0575 

Phospboric  acid  dissolved  by     n/5 

nitric   acid   0008  .0012 

Total  potasb 1.03  .GO 

Potasb  dissolved  by  n/5  nitric  acid 0176  .0090 

Lime  dissolved  by  n/5  nitric  acid 0631  .0617 

Acidity,  calculated  as  lime  required 

to  neutralize  acid  0065  .003 

Gravel  removed  by  2  m.  m.  sieve,  as 

per  cent  of  the  air-dried  sample..  8.9  10.3 


Subsoil  6-18" 

36257 

36262 

.0360 

.0205 

.0675 

.0650 

.0002 

.0002 

1.44 

.72 

.0117 

.0113 

.0294 

.0280 

.1100 


7.3 


.025 


3.1 


Surface  0-6" 

Laboratory    number    36244  36265 

Total   nitrogen    12332  .0430 

Total  phosphoric  acid  0725  .0563 

Phosphoric    acid  dissolved   by    n/5 

nitric   acid   .0007  .0008 

Total  potash   

Potash  dissolved  by  n/5  nitric  acid..    .0128  .0084 

Lime  dissolved  by  n/5  nitric  acid 0336  .0308 

Acidity  calculated  as  lime  required 

to    neutralize   acid    002  .0115 

Gravel  removed  by  2  m.  m.  sieve,  as 

per  cent,  of  the  air-dried  sample..  9.0  .0 


Subsoil  6-18" 

36267 

36268 

.1960 

.0370 

.1413 

.1113 

.0008 

.0003 

1.34 

1.89 

.0224 

.0134 

.2397 

.0841 

.002 


.021 


10.0 


10.0 


ST.    LOUIS   AND   STE.   GENEVIEVE   SOILS. 


Calculated  as  Per  Cent  of  the   Moisture-free  Samples. 

Surface  Subsoil     Surface     Surface 

Laboratory  number  36239  3C240  36241        36247 

Total  nitrogen  1472  .0972  .1424          .1270 

Total  phosphoric  acid   1300  .0900  .0900          .0988 

Phosphoric    acid   dissolved   by    n/5 

nitric    acid    0009  .0005  .0010          .0026 

Total   potash   1.15  1.24 

Potash  dissolved  by  n/5  nitric  acid..    .0139  .0117  .0213         .0116 

Lime  dissolved  by  n/5  nitric  acid 201  .2411  .1808         .1766 

Acidity,  calculated  as  lime  required 

to  neutralize  acid  003  .002  .0035         .0015 

Gravel  removed  by  2  m.  m.  sieve  as 

per  cent,  of  the  air-dried  sample  4.9  7.3  1.3             1.3 
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Surface 

Laboratory  number  36249 

Total   nitrogen    1230 

Total   phosphoric  acid  1038 

Phosphoric    acid   dissolved   by    n/5 

nitric    acid    0012 

Total   potash   1.28 

Potash  dissolved  by  n/5  nitric  acid..   .0160 

Lime  dissolved  by  n/5  nitric  acid 1150 

Acidity,  calculated  as  lime  required 

to    neutralize   acid    0035 

Gravel  removed  by  2  m.  m.  sieve  as 

per  cent,  of  the  air-dried  sample..4.6 


0-6" 

Subsoil  6-18" 

36253 

36250 

36254 

.098C 

.0530 

.0600 

.0875 

.0763 

.0675 

.UOIO 

.0004 

.0005 

1.45 

1.39 

1.52 

.0115 

.0124 

.0090 

.2061 

.0995 

.1598 

.0025 


1.6 


.004 


5.6 


.0605 


1.3 


Waverly    Soils. 

Calculated  as  Per  Cent  of  the  Moisture-free  Samples. 

Surface  0-6"  Subsoil  6-18" 

Laboratory  number  36242  36263  36243  36264 

Total  nitrogen  0932  .0650  .0254  .0450 

Total   phosphoric  acid   0462  .0675  .0250  .0588 

Phosphoric    acid   dissolved   by    n/5 

nitric    acid    0020  .0009  .0004  .0007 

Total  potash  67  2.04  .73  2.79 

Potash  dissolved  by  n/5  nitric  acid..    .0139  .0111  .0082  .0118 

Lime  dissolved  by  n/5  nitric  acid..    .0616  .0420  .0376  .0476 
Acidity,  calculated  as  lime  required 

to  neutralize  acid  005  .162  .036  .194 

Gravel  removed  by  2  m.  m.  sieve  as 

per  cent  of  the  air-dried  sample..  1.8  0.3  5.0  .0 


Waverly  Soil 

Surface  0-6" 

Laboratory   number   36248  36251 

Total  nitrogen  0880  .0550 

Total   phosphoric   acid   0550  .0950 

Phosphoric   acid   dissolved    by    n/5 

nitric  acid  0017  .0018 

Potash  dissolved  by  n/5  nitric  acid    .0132  .0169 

Lime  dissolved  by  n/5  nitric  add 1458  .1317 

Acidity,  calculated  as  lime  required 

to  neutralize  acid  001  .030 

Gravel  removed  by  2  m.  m.  sieve  as 

per  cent  of  the  air-dried  sample..  4.3  17.1 


Chester 

Limestone  Soil. 

Surface  0-6" 

36266 

.1860 

.1813 

.0006 
.0243 

.8187 

.0005 
.0 
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Bottom  Soils. 
Calculated  as  Per  Cent,  of  the   Moisture-free  Samples. 


Surface  0-6" 

Laboratory   number   36252  36258 

Total    nitrogen    0990  .1680 

Total  phosphoric  acid  0538  .1375 

Phosphoric  acid    dissolved    by  n/5 

nitric   acid    0010  .0007 

Total  potash   

Potash  dissolved  by  n/5  nitric  acid..    .0088  .0083 

Lime  dissolved  by  n/5  nitric  acid 0406  .3337 

Acidity,  calculated  as  lime  required 

to   neutralize   acid   0415  .002 

Gravel  removed  by  2  m.  m.  sieve  as 

per  cent  of  the  air-dried  sample..  0  2.2 


Subsoil  6-18" 

36259         36260 

.0890  .0150 

.0838  .550 


.0007 
1.03 
.00G6 
.0448 

.036 

1.3 


.0003 
1.13 
.0042 
.0392 

.076 

0.8 


From  the  tabulations  given  above  it  will  be  seen 
that  the  different  samples  of  a  soil  area  vary  quite 
widely  in  their  chemical  nature.. 

Figuring  that  the  surface  soil  (6  inches  deep)  over 
an  acre  weighs  1,900,000  i)ounds  and  that  the  succeeding 
V2  inches  (6  to  18  inches  deep)  weighs  3,800,000  pounds, 
and  expressing  the  results  in  terms  of  the  element  the 
following  results  are  obtained  from  the  Rockcastle 
county  soils,  using  the  averages  of  the  analyses  given. 
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to  Neutralize 
Acid 

Surface  soil  

2384 
2662 

823 
1359 

11.03 
6.5 

19,423 
43,620 

234 
348 

3344 
5829 

53 

Subsoil  

843 

I 
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Waverly  Soils. 


e 

f 

e2 

Total 
Phosphorous 

—  » 

Available 
Phosphorous 

ToUl 
Potassium 

Available 
Pottassium 

1 

• 

o 

E 

:3 

Lime  Reauioed 
to  Neutrajize 
Acid 

Surface  soil  

1431 
1307 

538 
685 

12.97 
8.98 

21,368 

55,500 

219 
315 

1809 
1619 

1254 

Subsoil  

4370 

Bottom    Soils. 


a 

V 

s 

z 

•* 

e2 

ToUl 
Phosphorous 

Available 
Phosphorous 

ToUl 
Potassium 

Available 
PoUssium 

Ume  [CaO.J 

Lime  Required 
to  Neutralize 
Acid 

Surface  soil  

2259 
570 

749 
799 

6.5 
4.9 

1G,243 
35.640 

126 
133 

2176 

1489 

504 

Subsoil  

2888 

In  the  bottom  soils  only  a  single  subsoil  was  an- 
alyzed which  from  some  cause  was  exceedingly  poor  in 
nitrogen.  Otherwise  the  Waverly  soils  are  the  poorest 
in  both  total  nitrogen  and  total  phosphorus  but  the  rich- 
est in  soluble  phosphorus  and  total  potassium.  The  sub- 
soils are  all  strongly  acid;  also  the  surface  of  the 
Waverly  soils. 


Cli'emical    Analyses   of    Perry  County   Soils. 

Upper  Coal   Measures.  Upland. 

Calculated  as   Per  Cent  of  tlie   Moisture-free  Samples. 

Surface   0-6"  Subsoil  6-18" 

Laboratory  number  36534  36536  36535         36537 

Total  nitrogen  171  .145  .088           .054 

Total  phosphoric   acid   150  .1675  .0975          .0912 

Phosphoric   acid   dissolved    by   n/5 

nitric   acid    0066  .0157  .0025          .0057 

Total  potash  2.04  2.27 

Potash    dissolved  by  n/5    nitric    acid..  .0174  .0188  .0151         .0095 

Lime  dissolved  by  n/5  nitric  acid 278  .084  .127           .0913 

Acid    calculated    as    lime    required 

to  neutralize   002  .0035  .002           .001 
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Surface  0-6" 


Laboratory  number 

Total  nitrogen  

Total  phosphoric  acid 

Phosphoric   acid   dissolved    by   n/5 

nitric  acid  

Total   potash   

Potash  dissolved  by  n/5  nitric  acid.. 
Lime  dissolved  by  n/5  nitric  acid- 
Acid    calculated    as    lime    required 

to  neutralize  


36538 
.326 
.1687 

.0043 

.0290 
.510 

.0035 


36539 
.213 
.1175 

.0016 
2.31 
.0267 
.258 

.003 


Subsoil  Surface 
6-18"        0-6" 
36540         36541 
.090  .170 

.080  .1275 


Laboratory  number  

Total    nitrogen    

Total  phosphoric  acid  

Phosphoric  acid  dissolved  by  n/5  nitric  acid  ... 

Total  potash  

Potash  dissolved  by  n/5  nitric  acid  

Lime  dissolved  by  n/5  nitric  acid 

Acid  calculated  as  lime  required  to  neutralize 


.0016 
2.67 
.0135 
.116 

.012 

Surface 

0-6" 
.  36542 
.    .220 
.    .135 
.    .0024 
.2.75 
.    .0332 
.    .402 
.    .002 


.0014 
2.70 
.0180 
.300 

.0015 

Subsoil 

0-18" 
36543 
.123 
.115 
.0012 
2.29 
.0215 
.244 
.0015 


Perry  County 

Laboratory  number 

Total  nitrogen 

Total  phosphoric  acid  

Phosphoric   acid    dissolved    by   n/5 

nitric  acid  

Total  potash  

Potash  dissolved  by  n/5  nitric  acid.. 
Lime  dissolved  by  n/5  nitric  acid.... 
Acid    calculated    as    lime    required 

to    neutralize    


Soils — Bottom. 
Surface   0-6" 

36544        36546 
.120  .108 

.135  .165 


Subsoil  6-18" 

36545  36547 

.092  .080 

.1100  .105 


.0014 
2.38 
.0088 
.130 

.004 


.0014 

.0095 
.105 

.006 


.0008 

.095 
.126 

.004 


.0008 

.010 
.064 

.021 


Johnson  County  Soils — Upland. 


Laboratory  number 36248 

Total  nitrogen  091 

Total  phosphoric  acid  0587 

Phosphoric   acid   dissolved    by   n/5 

nitric  acid  0013 

Total  potash  2.00 

Potash  dissolved  by  n/5  nitric  acid 0146 

Lime  dissolved  by  n/5  nitric  acid....    .095 
Acid    calculated    as    lime    required 

to  neutralize „ .004 


0-6" 

Subsoil 

6-18" 

36252 

36249 

36253 

.121 

.046 

.059 

.0912 

.050 

.0575 

.0010 

.0014 
2.65 

.0006 

.0249 

.0125 

.0162 

.074 

.073 

.036 

.028 


.061 


.1675 
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Johnson  and  Magoffin  Counties — Bottom. 

Johnson  County.  Magoffin  County. 

Surface  Subsoil  Surface  Subsoil 

Laboratory  number  36250  36251  36254  36255 

Total    nitrogen    092  .056  .136  .081 

Total  phosphoric  acid   1337  .1037  .105  .080 

Phosphoric   acid   dissolved    by   n/5 

nitric    acid    0027  .0012  .0013  .0004 

Total   potash   2.01  2.11 

Potash  dissolved  by  n/5  nitric  acid..    .0189  .0132  .0168  .0130 

Lime  dissolved  by  n/5  nitric  acid 074  .055  .108  .108 

Acid    calculated    as    lime    required 

to  neutralize   0135  .037  .007  .0095 


Floyd    County — Bottom. 

Surface  Subsoil 

Laboratory    number    36256  36257 

Total    nitrogen    142  .102 

Total  phosphoric  acid  160  .1475 

Phosphoric   acid    dissolved    by   n/5 

nitric  acid  001  .0004 

Total  potash  3.03  2.86 

Potash  dissolved  by  n/5  nitric  acid..    .0363  .0136 

Lime  dissolved  by  n/5  nitric  acid 119  .126 

Acidity  calculated  as  lime  required 

to   neutralize   0195  .025 


Surface 

Subsoil 

362C0 

36261 

.133 

.067 

.215 

.1637 

.0015 

.0143 
.165 

.004 


.007 

.0095 
.148 

.010 


Floyd  County — Upland. 

Surface.  Subsoil 

Laboratory  number  36258  36259 

Total  nitrogen  138  .073 

Total  phosphoric  acid  1737  .1825 

Phosphoric  acid  dissolved  by  n/5  nitric  acid 0034  .0018 

Total  potash  

Potash  dissolved  by  n/5  nitric  acid  031  .0346 

Lime  dissolved  by  n/5  nitric  acid  193  .108 

Acidity  calculated  as  lime  required  to  neutralize 0015  .0055 
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Pounds  of  Plant  Food  Per  Acre^Upper  Coal  Measures. 

Upland   Soils. 
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Surface    

3369 

1086 

31.6 

37,217 

409 

4532 

106 

Subsoil 

3088 

1561 

55. 

77,908 

552 

4306 

1260 

Pounds  of  Plant  Food  Per  Acre — Upper  Coal  Measures. 

Bottom   Soils. 


Total 
Nitrogen 

Total 
Phosphorous 

Available 
Phosphorous 

Total 
Potassium 

Available 
Potassium 

CaO. 

Lime  Rrq  lired 
to  Neutralize 
Acid 

Surface 

2294 

1244 

12.6 
23.8 

42,817 
73,679 

278 
800 

2058 
3971 

171 

Subsoil    

3154 

1906 

1216 

It  will  be  seen  by  observing  the  tabulations  i^iven 
above  that  the  upper  coal  measures  soils  contain  on  an 
average,  about  twice  as  much  total  nitrogen,  total  phos- 
phorus and  total  potassium,  as  the  lower  coal  measures 
soils.  Also  that  they  contain  a  much  larger  amount  of 
soluble  phosphorus  and  potassium. 

The  fact  that  the  bottom  lands  in  the  upper  coal 
measures  are  so  much  poorer  in  total  nitrogen  and  sol- 
uble phosphorus  and  soluble  potassium  is  no  doubt  due 
to  their  long  cultivation  without  any  system  of  crop 
rotation.    All  of  these  soils  are  decidedly  acid. 

The  future  of  the  soils  of  the  eastern  coalfield  lies  in 
the  development  of  forestry,  horticulture,  grazing, 
truck-gardening,  and  the  production  of  poultry. 

There  are  large  areas  of  rough  sandy  land  in  parts 
of  this  region  that  are  fit  only  for  forestry.  Such  areas 
are  usually  found  along  the  dividing  ridges  between  the 
main  waterways.  Many  of  these  areas  have  already 
fallen  into  the  hands  of  companies  that  are  handling  the 
forest  wdth  more  or  less  care,  employing  such  methods 
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as  will  increase  their  productiveness,  while  as  a  rule  the 
forest  belonging  to  the  individual  is  being  rapidly  de- 
stroyed. 

It  is  perhaps  safe  to  say  that  there  is  a  greater 
future  for  horticulture  in  eastern  Kentucky  than  for 
any  other  phase  of  agriculture.  While  it  is  true  that 
the  large  fruits,  such  as  apples,  peaches,  and  pears  are 
often  damaged  by  late  freezes  and  frost,  yet  if  the 
proper  varieties  were  grown  and  the  orchards  properly 
cared  for  no  doubt  damage  could  be  materially  de- 
creased. Grapes  and  other  small  fruits  appear  to  do 
especially  well  when  given  attention. 

On  the  hillsides  containing  the  loamy  soils  or  soils 
of  more  clavlike  nature  and  even  on  the  sandv  soils 
such  grasses  as  orchard  grass,  red  top,  English  blue 
grass,  and  even  Kentucky  blue  grass,  thrive  well  when 
given  favorable  opportunities.  The  great  reason  for 
failure  in  growing  grass  is  that  the  land  is  corned  to 
death  before  an  attempt  is  made  to  produce  grass. 
When  sown  in  new  land  that  has  been  well  cared  for 
success  usually  results.  Japanese  clover  grows  wild  and 
is  now  the  chief  grass  for  pasture. 

Sheep  will  no  doubt  be  the  most  profitable  animal 
for  this  country,  especially  when  more  important  breeds 
take  the  place  of  the  mountain  sheep. 

With  the  increase  in  mining  population  the  bottom 
lands  will  naturally  be  converted  into  truck  gardens. 
Much  of  the  bottom  land  has  been  cultivated  in  corn 
year  after  year  for  the  last  75  or  100  years,  and  is  badly 
worn,  especially  that  lying  above  the  overflow  line.  The 
overflow  land  is  practically  as  fertile  as  when  first  cul- 
tivated. 
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SOIL  SURVEY  OF  WEBSTER  COUNTY. 

BY 

S.  C.  Jones 


Webster  County  lies  in  the  coal  field  of  Western 
Kentucky,  within  parallels  37^  40'  and  37°  21'  north  lati- 
tude, and  Meridians  87°  23'  and  87°  56;  west  longitude. 
Union  and  Henderson,  two  counties  lying  on  the  Ohio 
River,  form  its  northern  bounary.  On  the  east,  Green 
River  separates  Webster  from  McLean  County,  while 
Hopkins  forms  the  southern,  and  Crittenden  the  west- 
ern boundary.  Its  greatest  length  is  about  33  miles  and 
its  greatest  width  15  miles,  with  an  area  of  approximately 
335  square  miles. 

Physiography  and  Drainage. 

The  county  represents  three  phases  of  topography: 
First,  the  low  flat  bottoms  lying  mainly  between  350  and 
400  feet  above  sea  level ;  Second,  the  undulating  or  gently 
rolling  upland  lying  between  360  and  440  feet  above  sea 
level,  and  third,  the  broken  or  hilly  upland  lying  be- 
tween 400  and  640  feet  above  sea  level. 

Tliis  broken  area  lies,  in  the  main,  in  a  broad  range 
of  hills  eight  or  ten  miles  in  width,  extending  from  the 
county  line  on  the  south  just  west  of  Slaughterville, 
across  the  central  portion  of  the  county  in  a  north-west- 
erly direction,  striking  the  Union  County  line  some  three 
miles  southeast  of  the  juncture  of  Union,  Henderson  and 
Webster  counties.  This  escarpment  forms  the  main 
water  shed  of  the  county,  and  lies  about  half  way  be- 
tween Green  and  Trade  water  rivers  and  divides  the 
county  into  an  eastern  and  western  drainage  area  of 
about  equal  size. 

Just  west  of  this  range  of  hills,  extending  across 
the  county  in  a  parallel  direction,  is  a  low  undulating 
valley  some  five  or  six  miles  in  width,  made  up  of  broad 
bottoms  with  low  undulating  upland  lying  between.  This 
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valley  was  perhaps  at  one  time  the  channel  of  Trade- 
water  River  or  of  a  kindred  stream  which  has  long  since 
shifted  westward. 

Still  farther  west,  lying  between  this  valley  and  the 
Tradewater  River,  extending  in  the  same  direction  en- 
tirely across  the  county,  is  another  range  of  disconnected 
hills  interspersed  with  undulating  areas  and  narrow 
bottoms. 

On  the  east  side  of  this  escarpment  is  a  narrow 
range  of  hills  reaching  out  in  a  line  from  Dixon  to  Sebree 
almost  to  Green  River.  On  the  north,  between  this  range 
of  hills  and  the  county  line,  is  another  strip  of  low,  gently 
rolling  land  with  wide  bottoms  along  the  streams.  East 
of  this  area  are  the  wide  bottom  lands  of  Green  River 
and  Deer  Creek. 

Geology. 

Webster  County  lies  entirely  within  the  western  coal 
field  and  its  geology  is  characteristic  of  this  field.  Coals 
number  9  and  11  and  probably,  in  places,  still  higher 
coals,  outcrop  at  points  over  the  more  rugged  area  of  the 
county.  The  formations  consist  of  alternating  strata  of 
sandstone,  sandy  shales,  clays,  coals,  slaty  materials,  and, 
at  certain  horizons,  thin  layers  of  limestone.  Sand  is 
the  predominating  material  composing  these  forma- 
tions and  on  disintegration  rather  uniform  sandy  or  silty 
soils  are  formed. 

Soils. 

Classifying  the  soils  of  the  county  as  to  origin,  two 
kinds  are  recognized,  viz :  residual  and  transported.  The 
residual  soils  occupy  the  upland  and  have  been  formed 
from  the  materials  remaining  in  place  after  the  disin- 
tegration of  the  overlying  rocks,  thus  forming  a  cover 
over  the  deeper  unaltered  rocks,  while  the  transported 
soils  occupy  the  bottom  lands  and  have  been  carried  in 
by  the  waters  of  the  small  streams  and  rivers.  Of  the 
total  area,  335  square  miles,  there  are  123  square  miles 
of  land  of  transported  origin  and  212  square  miles  of 
residual  origin. 
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Soil  Types. 

Classifying  the  soils  of  Webster  county  according 
to  their  origin,  topography  and  physical  characteristics, 
such  as  their  content  of  sand,  silt,  clay,  organic  matter, 
color,  etc.,  five  t\^les  are  recognized.  Three  are  in  the 
area  of  transported  origin  and  two  in  the  upland  or  resi- 
dual area.  Naming  in  order  of  area,  these  five  types 
are  as  follows: 

Table  I,  Soil  Types  in  Webster  County. 

Sq.  Mi.  Acres.  Per  Cent. 

YeUow  Silt  Loam  (HiUy)  121.0  77,440,         36.1 

YeUow    Silt   Loam    (Undulating) 91.3  58,432.         27.3 

Gray  Silt  Loam   (Bottom) 84.8  54,272.         25.3 

Gray  Clay  Loam  (Bottom) 27.1  17,344.  8.1 

Dark  Brown  Clay  Loam  (Bottom) 10.8  6,912.  3.2 

Yellow  Silt  Loam    (Hilly.) 

This  type  occupies  mainly  the  central  portion  of  the 
county  with  also  a  number  of  minor  areas  in  the  eastern 
and  western  sections.  It  occupies  the  broken  or  dis- 
sected portion  of  the  area  and  is  derived  from  the  alter- 
nating sandstones,  sandy  sliales,  sandy  slates,  clays,  etc., 
whose  constituents  on  disintegration  intermix,  giving 
rise  to  soils  of  rather  uniform  physical  characteristics. 
In  its  origin  it  is  verv  closelv  related  to  tlie  vellow^  silt 
loam  of  tlie  undulating  area,  the  chief  difference  being 
that  of  topograpliy,  which,  for  agricultural  purposes, 
separates  the  tw^o  types  quite  widely. 

Tlie  hills  of  this  area  are  usually  rather  steep  and 
vary  from  40  to  240  feet  in  height,  averaging  perhaps 
scarcely  more  than  100  feet.  As  a  rule,  the  ridges  are 
very  narrow^  and  irregular  in  trend. 

The  surface  soil  is  a  vellowish  or  gravish  silt  loam 
of  varying  depth,  ranging  from  6  to  10  inches.  While 
the  soil  of  these  two  upland  areas  is  referred  to  as  a  silt 
loam,  it  is,  in  fact,  practically  on  the  margin  between  a 
silt  loam  and  a  fine  sandy  loam.  It  is  mellow  and  open 
and,  unless  tramped  when  w^et,  seldom  breaks  into  hard 
clods  and  is  almost  as  easy  to  plow"  as  a  real  sandy 
loam. 
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The  subsoil  is  more  elaylike  in  its  properties.  At  a 
depth  of  from  10  to  15  inches  it  has  a  brighter  yellow 
color  with  gray  streaks  and,  in  places,  iron  stains,  while 
at  from  15  to  30  inches  it  usually  becomes  decidedly 
more  plastic,  due  to  the  much  larger  proportion  of  clay. 
It  is  a  well  drained  soil,  but  at  the  same  time  possesses 
very  good  water  holding  properties.  The  surface  soil 
is  of  such  character  as  to  allow  rain  water  to  enter 
easily,  which  is  stored  up  in  the  more  compact  subsoil 
within  easy  reach  of  growing  plants.  Through  the  por- 
ous surface  soil  much  moisture  is  rapidly  lost,  whereas 
much  of  it  could  be  retained  if  the  organic  content  of  the 
soil  were  increased. 

Beech,  maple,  hickory,  sassafras,  persimmon,  wal- 
nut and  the  different  varieties  of  oak  constitute  the 
characteristic  vegetation. 

Corn,  wheat,  tobacco  and  hay  are  the  principal 
crops  grown  on  this  type.  The  yield  of  corn  varies  from 
15  to  30  bushels  per  acre,  that  of  wheat  from  10  to  15 
bushels,  and  tobacco  from  600  to  1,200  pounds.  Hay 
is  made  from  timothy,  clover,  red  top,  cow  peas  and 
wild  grasses.  In  recent  years,  clover  is  practically  a 
failure  unless  manure  is  applied  to  the  soil.  A  largo 
amount  of  hay  is  made  in  the  fall  from  cow  peas,  which 
often  contain  a  rank  growth  of  wild  grass. 

Forty  years  ago  the  greater  portion  of  this  area 
was  in  timber  and  when  first  cleared,  good  crop  yields 
were  obtained,  but  the  soil  has  been  very  badly  handled 
and  but  little  effort  has  l>een  made  toward  preventing 
tbe  soil  from  washing.  The  writer  has  not  found  an 
area  in  the  State  where  land  has  been  gullied  more  than 
in  this  area.  The  soil  being  loose  and  the  topography 
hillv,  conditions  have  been  conducive  to  erosion.  How- 
ever,  if  the  proper  system  of  rotation  and  cultivation 
had  been  practiced,  much  of  this  land  would  not  have 
gullied  to  such  an  extent. 

Land  for  fanning  purposes  is  valued  at  from  $5.00 
to  $20.00  per  acre. 

The  following  table  contains  a  mechanical  analysis 
of  a  typical  sample  of  the  surface  and  subsoil  of  this 
type. 
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Table  M,  Mechanical  Analyses  of  the  Yellow  SMt  Loam  (Hilly).    Cal- 
culated Moisture  Free. 

Surface  Soil  Subsoil 

(0-6")  (6"-18") 

Laboratory   Number   36013  36014 

Pine  Gravel,  2  to  1mm 0%  .0% 

Coarse  Sand,  1  to  .5  mm  ^ 0.4%  .0% 

Medium  Sand,  .5  to  .25  mm 0.3%  .2% 

Pine  Sand,  .25  to  .1  mm 0.9%  .3% 

Very  Fine  Sand,  .1  to  .05  mm 4.7%  5.1% 

Silt,  .05  to  .005  mm 80.3%  72.0% 

Clay,   .005  and   under 12.6%  24.6% 

Total     99.2%  102.2% 

All  passed  through  the  2  mm  seive. 

The  mechanical  analysis  shows  it  to  be  decidedly  a 
silty  soil  with  practically  twice  as  much  clay  in  the  sub- 
soil as  in  the  surface,  while  there  is  a  larger  per  cent  of 
silt  in  the  surface.  The  sample  of  surface  soil  repre- 
sents the  first  six  inches  and  that  of  the  subsoil  the  suc- 
ceeding tw^elve  inches. 

The  following  table  contains  the  results  of  the 
chemical  analysis  of  the  same  samples,  surface  and  sub- 
soil. 

Table  III,  Chemical  Analyses  of  the  Yellow  Silt  Loam   (Hilly).     Cal- 
culated Moisture-Free. 

Surface  Soil    iSubsoil 

Laboratory    Number   36013  36014 

Total  nitrogen  056  %  .038 

Total  phosphoric  acid   0613%  .0863% 

Phosphoric  acid  dissolved  by  n/5  Nitric  Acid 0024%  .0019% 

Total   potash   1,779%  1.989  % 

Potash  dissolved  by  n/5  Nitric  Acid  013  %  .0112% 

Lime  dissolved  by  same  087  %  .061  % 

Acidity  calculated  as  lime  required  to  neutralize    .005  %  .0945% 


In  the  following  discussions  the  phosphoric  acid, 
potash  and  lime  dissolved  by  one-fifth  normal  (n-5)  nit- 
ric acid  will  be  designated  *  *  available ' '  because  we  think 
they  may  be  taken  as  a  measure  of  what  is  immediately 
available  as  plant  food. 
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Over  an  acre  to  a  depth  of  six  inches,  figuring  from 
tlieir  apparent  specific  gravity,  there  are  in  the  silt 
loams  of  this  area  approximately  1,900,000  pounds  of 
soil.  Figuring  on  this  basis  and  expressing  the  amount 
of  plant  food  in  terms  of  the  elements,  this  soil  contains, 
in  the  first  six  inches  on  an  acre,  1,064  pounds  of  total 
nitrogen,  509  pounds  of  total  pliosphorus  and  28,055 
pounds  of  total  potassium,  while,  in  the  subsoil  (6  inches 
to  18  inches,  3,800,000  j)Ounds),  there  are  1,444  pounds 
of  total  nitrogen,  3,421  pounds  of  total  phosphorus  and 
62,73,*)  pounds  of  total  potassium. 

In  tlie  surface  soil,  the  fifth  normal  nitric  acid  solu- 
tion shows  an  availal)ility  of  3.9  per  cent  of  the  total 
phosphorus,  or  39.9  pounds  per  acre  and  0.73  per  cent 
of  the  total  i)otassium,  or  205  pounds  per  acre,  while  in 
the  subsoil  it  shows  an  availability  of  2.2  per  cent  of  the 
total  pliosphorus,  or  31.6  pounds  per  acre  and  0.56  per 
cent  of  the  total  potassium,  or  353  pounds  per  acre. 

This  soil  is  poor  in  both  total  nitrogen  and  total 
phosphorus,  but  a  fair  proportion  of  the  total  phos- 
phorus is  soluble  in  fifth  normal  nitric  acid,  or  **  avail- 
able." While  it  contains  a  large  percentage  of  total 
potassium,  only  a  small  proportion  of  this  is  soluble  in 
fifth  normal  nitric  acid,  or  *' available."  Both  the  sur- 
face and  subsoil  are  jmor  in  lime  (CaO),  yet  the  surface 
soil  is  only  slightly  acid,  requiring  only  95  pounds  of 
lime  (CaO)  to  the  acre  to  neutralize  the  acid,  while 
the  subsoil  (3,800,000  pounds)  requires  3,591  pounds, 
or  about  two  tons. 

Yellow  Silt  Loam  (Undulating). 

This  type  includes  58,432  acres  or  27.3  per  cent  of 
the  entire  countv.  It  is  embraced  mainlv  in  two  areas, 
one  Iving  between  the  liillv  area    and    the    Henderson 

countv  line  on  the  north,  and  the  other  southwest  of  this 

*  1 

area.    Other  small  outlying  tracts  are  found  through  the 
hilly  region. 

This  type  is  gently  rolling  and  occupies  the  low  up- 
land areas,  the  gentle  slopes  and  the  broad  ridges.  In 
its  origin  it  is  very  similar  to  the  ''hilly"  region,  though 
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the  soil  is  much  deeper  ranging  from  12  to  20  feet  to 
native  rock,  while  on  the  hills,  native  rock  is  sometimes 
found  at  from  3  to  5  feet ;  as  a  rule,  however,  from  5  to 
10  feet. 

The  surface  soil  is  a  yellow  or  grayish  silt  loam 
varying  in  depth  from  6  to  12  inches.  It  is  a  very  loose, 
open  soil  and  usually  contains  more  organic  matter  than 
the  soil  on  the  hills.  It  usually  lies  rolling  enough  to  af- 
ford fairly  good  natural  drainage,  although,  in  the  more 
flat  portions,  the  soil  becomes  quite  gray  in  color,  indi- 
cating, of  course,  the  need  of  artificial  drainage. 

The  subsoil  is  of  about  the  same  nature  as  that  of 
the  hills,  being  slightly  more  gray  in  color  in  the  flat  or 
level  areas. 

The  native  vegetation  on  this  type  of  soil  seems  to 
differ  somewhat  from  that  of  the  hills.  On  the  hills  the 
oaks  seem  to  predominate,  while  on  the  undulating  soil 
maple  and  beech  are  found  more  abundantly. 

Practically  the  same  crops  are  grown  on  the  soil  of 
this  type  as  on  the  hills,  with,  however,  much  letter 
yields.  Corn  yields  from  20  to  50  or  60  bushels  per  acre, 
wheat  from  10  to  30  or  35  bushels  and  tobacco  from  1,000 
to  1,500  pounds. 

The  writer  found  in  this  area  one  farmer  who  pro- 
duced in  1910,  33  bushels  of  wheat  per  acre  on  35  acres, 
and  harvested  in  the  summer  from  the  same  field  one  ton 
of  clover  per  acre,  which  had  been  sown  in  the  spring  of 
the  same  year.  The  soil  had  been  fertilized  and  manured, 
which  seems  necessary  in  recent  vears,  if  clover  is  to 
l)e  successfully  grown  on  either  of  these  types  of  soil. 
This  undulating  land  sells  at  from  $20.00  to  $75.00  per 
acre,  the  price  depending  on  the  location,  state  of  cul- 
tivation, etc.  In  spite  of  the  fact  that  this  land  lies 
well,  there  are  to  be  found  fields  that,  through  lack  of 
care,  have  gullied  quite  badly. 

Below  are  given  the  physical  and  chemical  analyses 
of  two  samples  of  both  surface  and  subsoil  from  this 
area.  No.  36,018  is  the  subsoil  of  No.  36,017  and  No. 
36,026  of  No.  36,025. 


i 
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Table  IV. — Mechanical  Analyses  of  the  Yellow  Silt  Loan  (Undulating). 

Calculated   Moisture  Free. 

Surface  Soil  0-6"  Subsoil  6-18" 

Surface  Soil  0-6"  Subsoil  6-18" 

Laboratory  number  36017        36025  36018        36026 

Fine  gravel,  2—1  mm 2.1  1.4  %  1.5             1.0  % 

Coarse  sand,  1 — .5  mm 2.5  1.5  2.0             1.0 

Medium  sand,  .5— .25  mm 0.9  0.7  0.8             0.6 

Fine  sand,  .25— .1  mm 1.6  1.2  1.4             1.1 

Very  fine  sand,  .1 — .05  mm 6.2  3.9  5.2             3.7 

Silt,  .05— .005  76.5  82.8  72.3            67.8 

Clay,  .005  and  under  8.9  9.5  17.1           22.4 

Total 98.7  101.0  100.3  97.6 

Sample  36,018  left  a  little  sandstone  gravel  on  the  2 
m.  m.  sieve,  amounting  to  0.06%  of  the  original.  The 
other  samples  passed  through  entirely. 

Table  V. — Chemical  Analyses  of  the  Yellow  Silt  Loam   (Undulating). 

Calculated   Moisture-free. 

Surface  0-6"  Subsoil  6-18" 

Laboratory  number  36017  36025  36018  36026 

Total    nitrogen    074  .075  .033  .040 

Total  phosphoric  acid   0925  .0913  .0888  .0725 

Phosphoric   acid   dissolved    by   n/5 

nitric   acid 0017  .0011  .0022  .0006 

Total  potash 1.454  1.613  1.648  1.865 

Potash  dissolved  by  n/5  nitric  acid..    0069  .0068  .0065  .0091 

Lime  dissolved  by  n/5  nitric  acid 084  .115  .073  .107 

Acidity  calculated  as  lime  required 

to  neutralize   0O65  .004  .108  .0955 

These  samples  are  typical  of  the  area  from  which 
they  were  taken,  and,  as  shown  by  the  foregoing  tables, 
are  very  similar  in  both  their  physical  and  chemical  na- 
ture. 

Figuring  the  average  for  the  two  samples  on  the 
acre  basis  (0  to  6  inches  1,900,000  pounds  of  soil)  there 
are  in  the  surface  soil  1,416  pounds  of  total  nitrogen, 
768  pounds  of  total  phosphorus  and  24,184  pounds  of 
total  potassium,  while  in  the  subsoil  (6  to  18  inches, 
3,800,000  pounds)  from  the  average  of  the  two  samples, 
there  are  1,387  pounds  of  total  nitrogen,  1,339  pounds  of 
total  phosphorus  and  55,400  pounds  of  total  potassium. 
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In  the  surface  soil  the  fifth  normal  nitric  acid  solu- 
tion shows  an  average  availability  of  2.07  per  cent  of 
the  total  phosphorus,  or  15.8  pounds  per  acre,  and  0.45 
per  cent  of  the  total  potassium,  or  110  pounds  per  acre, 
while  for  the  average  of  the  two  subsoils  (6-18  inches, 
3,800,000  pounds)  it  shows  1.7  per  cent  of  the  total  phos- 
phorus or  23.3  pounds  per  acre,  and  0.44  per  cent  of  the 
total  potassium,  or  246  pounds  per  acre. 

This  soil,  also,  is  poor  in  total  nitrogen  and  total 
and  avaihible  phospliorus,  and  rich  in  total  potassium 
but  low  in  avaihible  potassium. 

The  content  of  lime  and  acid  in  this  soil  compares 
with  that  of  the  soil  described  above  as  the  hilly  phase 
of  this  type.  To  neutralize  the  acid  in  the  surface, 
1,900,000  pounds,  requires  100  pounds  of  lime  to  the  acre, 
while  3,867  pounds  are  required  to  neutralize  the  acid 
in  the  succeeding  12  inches  (3,800,000.) 

Gray  Silt  Loam  (Bottom.) 

In  the  western  coal  field  there  are  hundreds  of 
square  miles  of  this  low  bottom  land,  84.8  square  miles 
of  which  are  found  in  Webster  county.  This  represents 
54,272  acres  or  25.3  per  cent  of  the  entire  county.  It 
lies  mainly  along  the  small  streams  and  has  been  derived 
chiefly  from  the  immediate  upland.  A  good  deal  of 
this  type  is  of  recent  origin,  having  been  formed  since 
the  land  was  cleared  and  may  be  attributed  largely  to 
the  hand  of  man  in  the  increase  of  surface  erosion  due 
to  cultivation  of  the  uplands. 

The  surface  soil  is  in  the  main  a  gray  or  yellowish 
silt  loam,  usually  eight  inches  or  more  in  depth,  under- 
lain bv  an  incoherent  silt  of  mealv  texture.  However, 
in  the  vicinity  of  the  other  types  where  back-water  from 
the  larger  streams  has  played  a  part  in  soil  fonnation, 
some  variations  have  been  introduced.  Such  areas  are 
found  on  Stover  Creek,  Caney  Fork  and  Deer  Creek. 
Here  the  soil  is  underlain  by  a  bluish  or  grayish  clay 
loam,  in  places  forming  the  surface  soil.  Generally, 
however,  the  surface  is  covered  more  or  less  w^ith  wash 
from  the  upland  which  gradually  becomes  deeper  year 
by  year. 

With  the  exception  of  the  narrow  bottoms  at  the 
heads  of  the  streams  in  the  hilly  area,  the  bottoms  of 
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this  type  are  rather  broad  and  low  and  the  great  prob- 
lem concerning  their  agricultural  value  is  that  of  drain- 
age. A  large  proportion  of  the  area  in  these  bottoms  is 
wet  and  swampy,  and  except  during  dry  seasons  crops 
are  drowned  out.  This  land  can  largely  be  reclaimed  by 
a  well  planned  system  of  ditching  arid  tiling.  Some 
ditching  has  been  done  in  the  way  of  straightening  and 
deepening  streams,  but  so  far,  little  tiling  has  been  done. 

Because  of  the  high  price  of  tile,  the  cost  of  laying 
and  the  doubt  as  to  the  value  of  drainage,  the  farmers 
are,  as  a  rule,  rather  reluctant  in  attempting  artificial 
drainage.  These  bottoms  are  timbered  with  a  gi'owth 
of  black  oak,  red  oak,  sweet  and  l)lack  gum,  sycamore  and 
elm.  The  two  varieties  of  gum  are  especially  character- 
istic of  the  low  wet  areas. 

Corn  and  hay  are  practically  the  only  crops  grown 
on  this  type.  Tobacco  is  sometimes  grown  on  the  higher 
and  better  drained  bottoms.  Hay  is  made  from  timothv 
and  from  cow  peas  and  wild  grasses  mixed.  The  aver- 
age yield  of  com  and  hay  is  low  because  of  poor  drain- 
age. Land  well  drained  will  produce  from  30  to  50 
bushels  of  corn  per  acre,  while  the  average  yield  is  not 
more  than  15  bushels  per  acre,  and  hay,  of  course,  is 
likewise  low  in  yield. 

The  value  of  land  in  these  bottoms  ranges  from 
$10.00  to  $50.00  per  acre,  the  price  varying  with  loca- 
tion, state  of  cultivation  and  drainage  conditions. 

Below  are  given  the  i>hysical  and  chemical  analyses 
of  two  samples  of  both  surface  and  sul)soils  from  this 
area.  Sample  36,016  is  the  subsoil  of  36,015  and  36,020 
that  of  36,019. 

Table   VI.— Mechanical    Analyses   of   the   Gray   Silt  Loam    (Bottom). 

Calculated   Moisture-free. 

Surface  SoU  0-6"  Subsoil  6-18" 

Laboratory    number    36015         36019  36016         36020 

Fine  gravel,   2—1   mm 0.2             0.5  %  1.4              0.8  % 

Coarse  sand,  1— .5  mm 0.7             0.6  0.6              .08 

Medium  sand,   .5— .25  mm 0.5             0.6  0.2             0.6 

Fine    sand,    .25— .1    mm 1.5              2.2  0.9              2.0 

Very  fine  sand,  .1— .05  mm 8.3            13.4  5.5            18.6 

Sile,    .05— .005    mm 82.1            70.0  80.2            68.2 

Clay,    .005    and    under    8.2            11.5  11.8              9.6 

Total    101.5  98.8  lOO.G  100.6 
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Sample  No.  36,016  left  a  little  sandstone  gravel  on 
the  2  m.m.  sieve,  amounting  to  0.25  per  cent,  of  the  orig- 
inal.   The  other  samples  passed  through  entirely. 

Table    VM. — Chemical    Analyses    of   the    Gray    Silt    Loam    (Bottom). 

Calculated  Moisture-free. 

Surface  Soil  0-6"  Subsoil  6-18" 

Laboratory    number    36015  3601^  36016  36020 

Total   nitrogen    087  .086  .028  .057 

Total    phosphoric    acid    100  .090  .065  .080 

Phosphoric  acid   dissolved   by  n/5 

nitric   acid    0085  .004  .0025  .0039 

Total    potash    1.576  1.76  1.760  1.702 

Potash  dissolved  by  n/5  nitric  acid     .0045  .0062  .0048  .0045 

Lime  dissolved  by  n/5  nitric  acid 105  .191  .097  .165 

Acidity  calculated  as  lime  required 

to    neutralize    002  .001  .005  .005 

This  soil,  like  those  of  the  upland  types,  contains  a 
large  per  cent  of  silt,  as  shown  by  the  mechanical  analy- 
sis. 

Figuring  the  average  of  the  two  samples  on  the 
acre  basis  (0  to  6  inches,  1,900,000  pounds  of  soil)  there 
are  in  the  surface  soil  1,644  pounds  of  total  nitrogen, 
789  of  total  phosphoric  acid  and  26,304  pounds  of  total 
potassium,  while  in  the  subsoil  (6  to  18  inches,  3,800,000 
pounds)  for  the  average  of  the  tw^o  samples,  there  are 
1,615  pounds  of  total  nitrogen,  1,204  pounds  of  total 
phosphorus  and  54,596  pounds  of  total  potassium. 

In  the  surface  soil  the  fifth  normal  nitric  acid  solu- 
tion shows  an  average  availability  of  6.6  per  cent  of  the 
total  phosphorus,  or  51.9  pounds  per  acre  and  0.32  per 
cent  of  the  total  potassium  or  84.4  pounds  per  acre,  while 
for  the  average  of  the  two  subsoils  (6  to  18  inches,  3,- 
800,000  pounds)  it  shows  4.4  per  cent  of  the  total  phos- 
phonis  or  53.1  pounds  per  acre  and  0.27  per  cent  of  the 
total  potassium  or  147  pounds  per  acre.  This  soil  is 
much  richer  in  available  phosphorus  and  much  poorer 
in  available  potassium  than  the  soils  of  the  upland.  It 
is  also  decidedly  richer  in  lime  and  is  not  as  strongly 
acid.  The  surface  six  inches  requires  only  28.5  pounds 
of  lime  to  neutralize  the  acid  in  an  acre,  while  the  suc- 
ceeding twelve  inches  requires  190  pounds. 

geo.  35 
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Gray  Clay  Loam  (Bottom.) 

Ill  the  area  included  in  this  type  there  are  27.1 
square  miles  or  17,344  acres  or  8.1  per  cent  of  the  entire 
county. 

Taken  as  a  whole,  the  soil  is  the  poorest  of  any  of 
the  types  recognized  in  the  county,  and  the  most  variable 
in  its  physical  characteristics.  It  is  found  in  the  bottoms 
in  the  eastern  portion  of  the  county  along  Green  River 
and  Deer  Creek  and  in  the  western  portion  in  the  bot- 
toms along  Tradewater  River  and  Craborchard  Creek. 

It  differs  in  origin  from  the  bottom  (Gray  Silt 
Loam)  lying  along  the  small  streams  in  that  the  materials 
composing  the  soil  have  been  largely  transported  from 
the  Chester,  St.  Louis,  and  Waverly  areas  by  the  Green 
and  Tradewater  Rivers. 

The  topography  of  this  type  is  much  more  broken, 
especially  near  the  streams,  than  either  of  the  other  bot- 
tom soils,  ha\dng  in  some  places  undergone  considerable 
erosion. 

The  natural  drainage  of  much  of  this  area  is  fairly 
good,  but  away  from  the  streams  the  more  level  parts 
would  be  greatly  benefitted  by  artificial  drainage.  A 
great  deal  of  the  land  along  Tradewater  River,  Crab- 
orchard  Creek  and  Deer  Creek  is  overflowed  during  high 
water,  while  a  large  proportion  lying  along  Green  River 
is  seldom  overflowed. 

Although  other  phases  of  soil  are  included,  the 
larger  portion  as  outlined  in  the  area  may  be  classed  as 
a  gray  clay  loam,  locally  known  as  **post  oak."  The 
surface  is  a  graj^  loam  underlain  with  a  waxy  clay  sub- 
soil usually  of  a  bluish  gray  or  yellow  mottled  color. 
Over  much  of  the  flat  land,  three  or  four  inches  of  silty 
material  is  often  found  covering  the  surface  and  in 
places  along  Green  and  Tradewater  Rivers  are  found 
patches  of  loam  soils. 

The  growth  of  timber  on  this  soil  is  usually  scrubby 
and  consists  of  jjost  oak,  red  oak  and  hickory.  Corn  and 
hay  are  practically  the  only  crops  groA\Ti  and  the  yields 
are  very  low,  that  for  corn  averaging  from  12  to  35 
bushels  and  hay  about  Vii  ton  per  acre. 
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Only  a  small  per  cent,  of  the  land  is  under  cultiva- 
tion and  is  valued  very  low.  Sample  36,028  is  the  sub- 
soil of  36,027  and  36.030  that  of  36,029. 

Table  VIM. — Mech'anical  Analyses  of  the  Gray  Clay  Loam    (Pottom). 

Calculated  Moisture-free. 

Surface  Soil  0-6"         Subsoil  6-18" 

Laboratory    number    36027  36029         36028         36030 

t^ne  gravel,  2—1   mm 2.8  2.6             2.2             O.O 

Coarse  sand,  1 — .5  mm 6.2  2.4             3.0             0.8 

Medium  sand,  .5— .25  mm 2.6  1.6             2.0            0.6 

Fine  sand,  .25— .1  mm 6.4  3.0             3.8  0.8 

Very  fine  sand,  .1— .05  mm 7.1  7.5             4.4             4.8 

Silt,   .05— .005   mm 53.1  47.1  51.5  38.0 

Clay,  .005  and  under  22.3  34.7  32.0  54.2 

Total  99.5  98.9  98.9  99.2 

Samples  36,027  and  36,028  left  a  little  sandstone 
gravel  on  the  2mm.  sieve,  amounting  to  0.10%  and  0.16% 
of  the  original,  respectively.  The  other  two  samples 
passed  through  entirely. 

Table    IX. — Chemical    Analyses    of   the    Gray    Clay    Loam    (Bottom). 

Calculated  Moisture-free. 

Surface  Soil  0-6"  Subsoil  6-18" 

Laboratory    number    36027  36029  36028  3G030 

Total    nitrogen    099  .103  .054  .070 

Total  phosphoric  acid  1775  .0988  .1288  .0838 

Phosphoric  acid   dissolved  by  n/5 

nitric    acid    0018  .0010  .0010  .0027 

Total    potash    1.973  2.365  2.221  2.752 

Potash  dissolved  by  n/5  nitric  acid      .0082  .014  .0076  .0182 

Lime  dissolved  by  n/5  nitric  acid..      .098  .0%  .038  .114 
Acidity  calculated  as  lime  required 

to    neutralize    096  .2135  .295  .426 

The  two  samples  representing  this  type  differ  con- 
siderably in  physical  characteristics.  The  one  contain- 
ing the  largest  percentage  of  silt  and  the  smallest  per- 
centage of  clay  was  taken  from  near  the  border  of  the 
area  and  has  been  somewhat  modified  by  an  intermixture 
of  material  from  the  neighboring  type. 
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As  determined  by  the  apparent  specific  gravity,  the 
soil  of  this  type  weighs  to  the  acre,  six  inches  deep, 
1,800,000  pounds,  while  the  succeeding  twelve  inches 
w^eighs  approximately  3,700,000  pounds. 

Figuring  on  this  basis,  and  using  the  mean  of  the  two 
analyses,  the  surface  soil  (0-6  inches,  1,800,000  pounds) 
contains  1818  pounds  of  total  nitrogen,  1,087  pounds 
of  total  phosphorus  and  32,405  pounds  of  total  potas- 
sium to  the  acre,  while  the  sub-soil  (6-18  inches)  con- 
tains 2,294  pounds  of  total  nitrogen,  1,718  pounds  of  total 
phosphorus  and  76,360  pounds  of  total  potassium. 

In  the  surface  soil  the  fifth  normal  nitric  acid  solu- 
tion shows  an  average  availability  of  only  1.01  per  cent 
of  the  total  phosphorus  or  11.1  pounds  per  acre,  and  0.51 
per  cent  of  the  total  potassium  or  166  pounds  per  acre, 
w^hile  for  the  sub-soil  (6-18  inches)  it  shows  1.74  per  cent 
of  the  total  phosphorus  or  29.9  pounds  per  acre,  and 
0.52  per  cent  of  the  total  potassium  or  396  pounds  per 
acre. 

Although  this  soil  is  comparatively  rich  in  total 
plant  food,  it  is  generally  recognized  as  a  poor  unpro- 
ductive soil,  w^hich  is  perhaps  due  to  the  low  content  of 
available  plant  food,  especially  low  available  phosphorus, 
as  well  as  to  its  high  acidity,  it  being  low  in  lime  and 
strongly  acid.  According  to  the  acidity  determination, 
the  surface  soil  requires  2,786  pounds  of  lime  per  acre 
and  the  sub-soil  (6-18  inches)  13,339  pounds  of  lime  to 
neutralize  the  acid. 

Dark  Brown  Clay  Loam  (Bottom). 

Of  this  type  there  are  10.8  square  miles  or  only  3.2 
per  cent  of  the  whole  county.  It  represents  the  most  fer- 
tile land  in  the  county  and  is  found  in  practically  the 
same  localities  as  the  Grav  Clav  Loam.  It  is  of  a  similar 
origin,  but  appears  to  be  more  recent  since  it  has  a  higher 
altitude  and  is  underlain  by  a  material  resembling  very 
mucli  tlie  Grav  Clav  Loam.  It  mav  have  covered  much 
of  the  territory  now  occupied  by  the  Gray  Clay  Loam, 
but  lias  long  since  been  eroded. 

This  soil  is  a  dark  brown  clay  loam  rather  imper- 
vious and  difficult  to  work  when  poorly  drained.  It 
bakes  hard  in  the  sun  and  when  plowed  wet  forms  com- 
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pact  clods  which  crumble  and  fall  to  pieces  like  quick 
lime  when  rain  falls  on  them.  The  sub-soil  is  usually 
plastic  and  has  a  dark  blue  gray  color.  The  dark  color 
of  this  soil  is  due  to  an  accumulation  of  vegetable  matter. 
Only  the  areas  near  the  upland  along  the  small  streams 
are  subject  to  overflow,  but  the  land  lies  level  and  is  not 
fit  for  cultivation  until  drained.  Twenty  years  ago  this 
land  was  looked  upon  as  being  worthless,  but  recently 
much  of  it  has  been  cleared  and  brought  under  cultiva- 
tion. In  the  area  in  the  eastern  portion  of  the  county  in 
the  Green  River  bottom,  are  now  to  be  found  farms 
valued  at  $50.00  and  $60.00  per  acre.  In  this  tract  much 
land  has  been  drained.  The  native  forest  growth  con- 
sists of  sweet  gum,  oak  and  hickory. 

Corn,  wheat  and  hay  are  grown  on  this  soil  and  oc- 
casionally tobacco,  which,  however,  is  usually  of  a  very 
poor  quality.  Corn  yields  from  60  to  75  bushels,  wheat 
from  20  to  80  bushels  and  hay  two  tons  per  acre  on  land 
tile  drained.  Hay  is  made  from  clover  and  timothy. 
The  soil  seems  especially  adapted  to  the  growth  of  both. 

Table    X. — Mechanical    Analyses    of    the    Dark    Brown    Clay     Loam 

(Bottom).      Calculated    Moisture-free. 

Surface  Soil  Subsoil 

0-6"  6-18" 

Laboratory    number    36023  36024 

Fine  gravel,   2—1   mm 0.8  %  1.4  % 

Coarse  sand,   1 — .5  mm 2.2  6.2 

Medium   sand,   .5 — .25   mm 2.G  5.2 

Fine  sand,  .25— .1  mm 9.2  9.8 

Very  fine  sand,   .1 — .05   mm 13.4  5.7 

Silt,    .05— .005    mm 46.7  48.5 

Clay,  .005  and  under  21.1  20.2 


Total    96.0  97.0 

Thv>  2  mm.  sieve  removed  from  samples  36,023  and 
36,024  some  gravel  consisting  mainly  of  rounded  sand- 
stone fragments  and  quartz  pebbles  and  amounting  to 
0.44%  and  3.80%  of  tlie  original,  respectivel}\  Samples 
36,021  and  36,022  passed  through  entirely. 
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Table    XI.    Chemical     Anal/ees    0f   the    Dark     ervwn 

f  Bottom  y«     CaUculated    Moisture^ree. 

Surlaoe  Soil  W         SnbscC  *-l** 

j-*v^ffcv^v  lutL'^^f                         :;C':::i       :;fiirn       3f('M      3«a 
7'Afe:    t.'f'^w  i€v         J:i€         n*         -1** 

t.'T-',    *.*iC  'X'M  .'>>€1  >KtSS»         .*I67 

T'/*jfc;     y^jc^i,  i.l44  2.7^7  i!:!!  ^'** 

J^.'v,*;  CJfcfc/y:>M3   f;>   L   i,  j^'i^rU:  acid-      .421  .&i6  .41^  -**^ 

S;ii/;f/)^-  y^Jrs^  i^  tli^f  Hjl»^oil  of  .%j»21  and  36.(r24 

TIj^-  t'iioiu\('ii\  aualy-i-,  in  harruony  with  the  crop 
yl^'J'lw.  jj:'Ji':ati'-  iij  tljih  in-tanc^'  a  f^-rtile  soil.  In  fact, 
tK-r  i>  'U't']*\i'*\\':  Wii'  i/jo-t  f^-rtJI^-  *oil  in  Wehj^ter  county. 

A>  'It-u-rn/iSit-'i  })'/  XiH'  apj>;in'nt  sjK-f-ific  $rra\'ity,  the 
>.i}ifii"f  -oi)  to  a  'J'ptlj  of  rjv  jn^'h^'*  ov^-r  an  acre  weighs 
af;[>rozjinal<-Jy  I.7r/i//M)  poun^l-  whil^-  thf*  sm-ceeding 
i7,i'\\'i'  Utt'\ii'r  v.''i;r)jir  approxiuiat^'ly  'j,WKj.OO  pounds. 

y'ii^unuir  on  tijih  ha-ii-.  from  tlj<'  avf-rajr*'  of  the  two 
ana)y-">,  t)i<'  roil  on  an  wn-,  to  th^*  d^'ptlj  of  six  inches, 
^'ontain  ''/,l^i'^  |;oundh  of  total  nitro^r^-n,  ^'27  pounds  of 
lofal  ptio-plioriji-  ;ind  ''0J7I  poMndn  of  total  potassium, 
v/ljjh'  Wit*  >-ijl>roil  ^0  IM  iru'lM'-j  contains  5.00"^  pounds  of 
tot;i|  ni1ro;.'<'n,  I,5^j5  ponnd-  of  total  phosphorus  and 
llfl'M  fiound^  of  total  pola.r-iiun. 

In  i\i<*  'Mt'i'iiCi'  -oil  tin-  fij'tli  norniiil  nitric  acid  so- 
lution    liow:  ;in  jjv^-ra^'*'  avaii;il»iiity  of  0.7  p^'r  cent  of 


'■«■'■'•»         ii-/»>    .     fill     #i»»-|#i^i-     «i  \  <i  I  1/1  I  ij  1 1 1  \      in      i;.|       l^i'l      *.*-iii 

fof;i|   f;no-filionj:-  or  '^h).l  pounrls   |M*r  a^-re  and  0.S2  i 
rt  ti\  ol'  flM'  tot;i|  f;ol;r--iijrn  or  '2U^  i;r>unils  per  acre,  wh 
in  IIk'  Avoi'it'^rc  (,i'  \\^^>  hnhsrtils  ((>  IS  in^-lic's)   it  show? 
p'-r  c.i'U*.  ol'  i\\i'  tot;ij  f)lio.-plioi-ons  or  lil  i)r»unds  pc*r  aci^ 
and  O.Oo  \n't'  <•*  lit  of  tlir*  tot;il  jjotassinni  or  4>^7  pounds 

1'lii-.  soil  i-  Hiirly  rich  in  hoth  total  an<l  availahle 
phint  food  ;umI  i^  al.so  ^jnit<*  rir-h  in  iinir%  and  according 
to  th('  m'nl  t^-t,  r,nly  'JO  [)onnds  of  linH»  is  re(|uired  to 
n<'iii'r;iii/c  Mm-  Mirfar-c  (d  fi  inchi-s)  and  HI  pounds  to  neu- 
lr;iii'/c  tin*  subsoil  (fi  IS  inelM's). 
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The  weights  of  soil  to  the  acre,  calculated  from  the 
apparent  specific  gravity,  are :  For  the  Dark  Bro\vn  Clay 
Loam,  first  6  inches,  1,750,000  pounds  to  the  acre,  and  the 
next  12  inches,  3,600,000  pounds  to  the  acre ;  for  the  three 
silt  loams,  first  6  inches,  1,900,000  pounds,  the  next  12 
inches,  3,800,000  pounds;  for  the  Gray  Clay  Loam,  first 
6  inches,  1,800,000  pounds,  and  the  next  12  inches, 
3,700,000  pounds. 

Table  XII. — Plant  Food   in  the  Surface  Soils   (0  to  6   inches). 

Calculated  in  Pounds  to  the  Acre. 
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Dark   Brown    Clay 

Loam  (bottom).. 
Gray     Silt     Loam 

(bottom)   

Yellow   Silk   Loam 

(undulating)  

Loam  (bottom).... 
Yellow    Silt    Loam 

(Hilly)     

Gray    Clay     Loam 

(bottom)  

Average  of  4  types 

omitting  the  Dark 

Brown  Clay  Loam 


65. 
52. 

16. 
52. 

20. 

11. 


35,441. 

298. 

8365. 

26,304. 

84. 

3912. 

24,184. 

110. 

1891. 

26,304. 

84. 

3912. 

28,055. 

205. 

1653. 

32,4Uo. 

166. 

1737. 

27,737. 

141. 

2298. 

26. 
29. 

100. 
29. 

95. 

2784J. 


Agricultural  Conditions. 

The  land  of  Webster  county  is  assessed  at  $1,844,685 
or  48  per  cent  of  the  total  taxable  property,  which  is 
$3,843,550.  Fif^ring  on  this  basis,  land  is  assessed  at 
an  average  of  $8.64  per  acre,  wliich  is  in  all  probability 
not  far  from  one-half  of  the  real  value. 

In  manv  counties  in  the  state,  land  constitutes  more 
than  one-half  of  the  total  wealth,  but  in  Webster  county 
at  present,  mining  interests  predominate. 

Formerly  there  was  much  large  timber  which,  had 
it  been  p^reserved,  would  today  be  worth  far  more  than 
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the  land,  but  because  of  a  lack  of  thought  and  foresight 
it  has  been  wasted  until  at  present  but  little  remains.  In 
the  upland  there  is  practically  none,  while  some  small 
tracts  are  yet  to  be  found  in  the  bottoms. 

Webster  is  at  present,  and  has  long  been,  a  great  to- 
bacco producing  county.  Hopkins,  Union,  Henderson, 
Crittenden  and  Webster  counties  produce  a  dark  to- 
bacco, which  is  fire  cured.  These  five  counties  produce 
annually  an  average  of  about  twenty-five  million  pounds. 
For  the  last  few  years  they  have  been  selling  together, 
and  received  in  1908,  8  cents  and  1909,  7  cents  per  pound, 
the  difference  in  price  being  due  to  a  difference  in 
quality. 

In  Webster  county  practically  all  of  the  tobacco  is 
grown  in  the  two  upland  soil  types.  Through  the  use  of 
the  poor  methods  that  have  been  practiced  in  handling 
these  soils,  tobacco  culture  is  largely  responsible  for  their 
depleted  and  worn  condition.  The  growing  of  tobacco 
might  have  been  made  a  profitable  industry,  and  at  the 
same  time  the  fertility  of  the  soil  might  have  been  main- 
tained, had  conservative  methods  of  cultivation,  fertili- 
zation and  rotation  of  crops  been  employed. 

It  has  been  a  custom  to  clear  land  and  cultivate  con- 
tinuously for  a  few  years  until  no  longer  profitable  yields 
are  obtained  and  then,  to  hold  up  the  yields,  the  use  of 
low  grade  commercial  fertilizers  has  been  resorted  to, 
w^hich  has,  in  fact,  served  to  rob  the  soil  more  rapidly 
of  its  fertility.  After  reaching  this  state,  the  land  has 
often  been  thrown  out  without  being  sown  in  grass,  and 
new  fields  have  been  cleared  and  this  process  repeated. 
Even  when  grass  was  sown,  it  has  been  difficult  to  get  a 
growth  and  the  soil  of  the  cleared  uplands  has,  conse- 
quently, suffered  greatly  from  washing.  This  improvi- 
dent kind  of  farming  has  been  practiced  until  new  land 
is  no  longer  to  be  had.  Many  of  the  farmers  who  have 
participated  in  this  wastefulness  have  lived  to  face  the 
punishment  of  their  sins.  They  have  not  only  committed 
a  crime  against  themselves,  but  against  future  genera- 
tions as  well.  If,  with  new  and  fertile  soils,  they  could 
not  live  and  preserve  the  fertility  of  their  lands,  how 
now  witl'  worn  and  infertile  soils  are  their  sons  to  live 
and  at  {he  same  time  reclaim  these  worn  lands?  The  so- 
lution of  the  problem  depends  upon  the  farmers  them- 
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selves.  The  effort  here  is  to  present  such  information  as 
will  enable  them  to  reach  the  solution.  The  conditions 
referred  to  above  are  especially  true  of  the  hilly  type. 
However,  they  are  true  to  some  extent  of  the  undulating 
soils. 

Through  practicing  a  well  planned  system  of  diver- 
sified farming,  these  worn  lands  may  eventually  be  made 
profitable.  The  uplands  are  especially  adapted  to  fruit 
growing  and  particularly  peaches  and  apples,  which  are 
not  now  profitable  because  the  proper  attention  is  not 
given  to  their  care.  The  rougher  portions  should  be 
planted  in  trees  of  a  quick  growth,  such  as  locust,  which 
in  twenty  years  will  begin  to  yield  profits.  The  culti- 
vated areas  should  remain  in  grass  at  least  three-fourths 
of  the  time  and  more  attention  should  be  given  to  graz- 
ing. 

At  present,  Japanese  clover  constitutes  the  chief 
grass  for  pasturage.  It  is  a  very  valuable  plant,  both 
for  grazing  and  for  storing  nitrogen  in  the  soil,  but  it  is 
inadequate  for  the  former  purpose,  because  it  does  not 
appear  until  late  in  the  spring,  disappears  with  the  first 
frost  in  the  fall  and  will  not  stand  drouth.  There  are 
many  kinds  of  valuable  grasses  which  thrive  under  vary- 
ing soil  conditions,  and  some,  no  doubt,  exist  which,  if 
introduced,  would  completely  revolutionize  stock  rais- 
ing in  the  western  coal  field.  Professor  Garman  of  the 
Experiment  Station,  who  has  charge  of  the  experimental 
work  on  grasses,  suggests  sheep  fescue,  orchard  grass, 
red  top  and  alsike  clover  for  the  upland  silty  soils. 

According  to  the  1910  report  of  the  Assessor  of  Web- 
ster county,  there  is,  including  all  kinds  of  stock  (horses, 
cattle,  sheep  and  hogs)  an  average  of  one  animal  for 
every  14  acres  of  land,  or  less  than  seven  head  of  stock 
for  each  one  hundred  acres  in  the  county.  While  in- 
formation from  this  source  is  not  absolutely  reliable, 
it  no  doubt  represents  fairly  well  existing  conditions. 
Such  a  system  of  live  stock  farming  is  entirely  too  lim- 
ited to  be  profitable,  even  on  land  as  cheap  as  this. 

When  the  proper  attention  is  given  to  growing 
grasses,  the  rotating  of  crops  with  a  judicious  purchase 
and  use  of  plant  food  on  these  soils,  and  when  the  bot- 
tom  lands    are   reclaimed   by   artificial   drainage,  four 
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times  as  mucli  stock  may  be  kept  and  agriculture  may 
be  made  a  profitable  industry  for  Webster  county. 

Botli  tlie  crop  yields  and  the  eliemical  analyses  indi- 
cate a  lack  of  plant  food  in  all  these  soils>  with  the  ex- 
ception of  the  Dark  Brown  Clay  Loam.  Even  in  this, 
the  jjer  cent  of  jjliosphorus  is  less  than  is  desirable,  but. 
according  to  both  the  crop  yields  and  its  chemical  na- 
ture, it  would  be  classed  as  a  fertile  soil. 

By  comparing  the  eliemical  analyses  of  the  five  types 
of  soil  in  the  tabulation  given  below,  a  number  of  inter- 
esting relations  may  be  brought  out.  The  analyses  have 
been  arranged  in  the  order  of  lime  requirement,  as  de- 
termined by  the  acidity  test,  beginning  with  the  lowest. 

Table  XII. — Plant  Food  In  the  Subsoil*  (6-16  Inches). 

Calculated  in  Pounds  to  the  Acre. 
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Dark  Brown  Clay 

Loam   (bottom) 

Gray     Silt    Loam 

6040. 
1615. 

1444. 
1387. 
2294. 

1488. 
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73,502. 

472. 
147. 
353. 
246. 
.396. 

16,524. 

4.978. 
2.318. 
3,420. 
2,812. 
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Yellow  Silt  Loam 

Yellow   Silt  Loam 

(undulating)  

Oraj  Clay     Loam 
(bottom)  

1339. 
1718, 

30. 

55.400. 
76.3C0. 

3867. 
13339. 

One  very  striking  fact  is  that  the  amount  of  phos- 
phorus soluble  in  the  fifth  normal  nitric  acid  solution, 
assumed  to  be  available,  decreases  as  the  acidity  (lime 
required  to  neutralize  the  acidity)  increases,  with  only 
one  exception.  This  relation,  however,  does  not  hold 
in  H'spoct  to  tlie  potassium.  Roughly  speaking,  the  soils 
showing  most  lime  are  least  acid. 

By  considering  the  approximate  amounts  of  plant 
food  removed  in  farm  produce,  as  given  in  the  table  be- 
low, the  significance  of  these  analyses  may  bo  more 
easilv  understood. 
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Table  XIII. — Plant  Food   Removed  In  Farm  Crops. 


Crops.                                      Pounds    of    Plant    Food. 

KIND. 

Amount 
per  acre. 

Nitro- 
gen. 

Phos- 
phorus 

Potas- 
sium. 

Com,  grain  

Corn,  stover  

Corn,  whole  crop... 

Wheat,  grain 

Wheat,  straw  

Wheat,  whole  crop 
Clover  


50  bu 

1V6  tons.... 

50. 

24. 

74. 

35.5 

12.5 

48.0 

80.0 

8.5 
3.0 

11.5 
6.0 
2.0 
8.0 

10.0 

25  bu 

1%  tons.... 

2  tons 

9.5 
26.0 
35.5 

6.5 
17.5 
24.0 
60.0 


It  will  be  seen  that  the  total  amount  of  potassium  in 
these  soils  is  far  greater,  in  proportion  to  the  amounts 
removed  in  corn,  wheat  and  clover,  than  are  the  total 
amounts  of  either  phosphorus  or  nitrogen,  in  proportion 
to  the  amounts  of  the  substances  removed  in  the  same 
crops.  Omitting  the  Dark  Brown  Clay  Loam,  and  taking 
the  average  of  the  figures  for  nitrogen,  phosphorus  and 
potassium  in  the  surface  soil  of  the  four  poorer  types, 
we  have  1486  pounds  of  nitrogen,  787  pounds  of  phos- 
phorus and  27,737  pounds  of  potassium  to  the  acre  in 
the  first  six  inches  of  this  average  soil.  Dividing  these 
figures,  respectively,  by  the  weights  of  nitrogen,  phos- 
phorus and  potassium  in  a  50  bushel  crop  of  corn,  (74, 
11.5  and  35.5  lbs.)  we  find  that  this  supposed  average 
soil  contains  to  the  acre,  in  the  first  6  inches,  20  times 
as  much  nitrogen,  68  times  as  much  phosphorus,  and  78 
times  as  much  potassium  as  there  is  in  a  50  bushel  com 
crop.  Hence,  measured  by  the  requirements  of  such  a 
crop,  the  total  supply  of  potassium  is  11  times  as  great 
as  the  total  supply  of  phosphorus  and  39  times  as  great 
as  that  of  nitrogen. 

This  would  seem  to  indicate  that  nitrogen  is  the 
limiting  element  of  fertility  in  these  soils,  which  is  per- 
haps true,  especially  on  the  upland  soils  where  grain 
crops  are  grown,  while  where  legumes  are  grown  phos- 
phorus would  be  the  limiting  element.  It  must  be  re- 
membered, however,  that  the  reserve  supplies  of  nitro- 
gen, phosphorus  and  potassium  in  soils  do  not  become 
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available  vdth  equal  rapidity  and  this  circumstance  may 
have  great  influence  on  the  result. 

In  studying  the  chemical  nature  of  soils,  not  only 
the  total  amount  of  plant  food,  but  its  availability,  also, 
should  be  considered.  This  is  one  of  the  questions  re- 
lating to  soil  fertility  that  is  being  studied  at  the  Ex- 
periment Station.  By  available  plant  food  is  meant  that 
which  is  in  a  condition  to  be  utilized  by  growing  plants. 
As  a  rule,  only  a  small  proportion  of  the  total  plant  food 
in  a  soil  is  in  an  available  form. 

The  chemists  of  the  Kentucky  Experiment  Station 

employ  a  **  fifth-normal "  nitric  acid  solution  to  extract 

from  a  soil  the  available    phosphorus    and    potassium. 

This  is  a  very  weak  acid  solution  and  is  supposed  to  take 

up  just  about  the  amount  that  is  in  a  form  to  be  utilized 

I  by  growing  plants.    Of  course,  the  acid  coming  in  con- 

!  tact  with  all  the  soil  grains  may  remove  from  a  soil  a 

i  much  larger  proportion  of  plant  food  than  a  plant  could 

and  such  a  test  is  arbitrary,  and  may  not  be  an  abso- 
lute measure  of  the  available  plant  food,  but  its  results 
'  seem  to  have  considerable  relative  value. 

By  considering  amounts  of  phosphorus  and  potassium 
dissolved  by  N-5  nitric  acid  in  the  five  types  given  in 
Table  XII.  above,  it  will  be  seen  that  the  Dark  Brown 
Clay  Loam  is  the  only  soil  that  is  rich  in  both  available 
phosphorus  and  available  potassium,  and  it  has  already 
been  stated  that  it  is  by  far  the  most  fertile,  as  indicated 
by  crop  yields.  It  is  also  about  twice  as  rich  in  total 
nitrogen,  as  the  richest  of  the  other  four  soils,  and  about 
three  times  as  rich  in  lime. 
,  Figuring  the  average  for  the  other  four  types,  there 

is  practically  twice  as  much  available  potassium  in  pro- 
portion to  the  amount  of  potassium  removed  by  a  50 
bushel  crop  as  there  is  available  phosphorus  in  propor- 
tion to  the  amount  of  phosphorus  removed  by  such  a 
crop.  These  relations  are  much  closer  than  in  some  of 
the  limestone  soils  of  the  State,  where  even  the  total  sup- 
ply of  potassium  is  only  about  two-thirds  the  amount 
found  in  these  soils. 

According  to  the  facts  brought  out  by  the  chemical 

study  of  these  soils,  unbalanced  conditions  in  regard  to 

plant  food  seem  to  exist.    If  maximum  crop  yields  are 

i  to  be  obtained  and  at  the  same  time  the  soils  remain  fer- 
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tile,  their  nitrogen  and  phosphorus  content  must  be  in- 
creased and  a  larger  per  cent  of  their  great  store  of 
inert  potassium  made  available. 

In  Webster  county,  thousands  of  dollars  are  ex- 
pended annually  for  the  low-grade  commercial  fertilizers 
carrying  only  a  small  quantity  of  all  three  of  these  ele- 
ments, especially  nitrogen  and  potassium,  when,  as  the 
evidence  at  hand  indicates,  really  only  phosphorus 
should  be  purchased.  Because  of  the  high  price  of  com- 
mercial nitrogen,  the  farmer  cannot  afford  to  buy  it  for 
general  farm  crops.  It  can  be  added  to  the  soil  much 
more  cheaply  from  the  large  store  in  the  atmosphere  by 
growing  clover  and  other  legumes,  and  at  the  same  time 
accumulate  organic  matter,  which  will  aid  in  rendering 
available  the  inert  phosphorus  and  potassium  of  the  soil. 
The  legumes  may  be  turned  under  directly  or  fed  as  hay 
and  the  manure  returned  to  the  soil,  the  latter  method 
being  regarded  the  more  profitable.  Then,  assuming 
that  potassium  may  be  made  available,  only  phosphorus 
remains  to  be  purchased.  The  phosphorus  may  be  pur- 
chased in  the  form  of  acid  phosphate,  bone  meal  or  finely 
ground  rock  phosphate.  The  ground  rock  phosphate  is 
much  the  cheapest  form  and  will,  no  doubt,  be  practi- 
cally as  profitable  with  the  proper  system  of  crop  rota- 
tion employed. 

While  the  first  6  inches  of  only  one  of  these  soils  is 
strongly  acid,  the  application  of  lime  would,  in  all  prob- 
ability, greatly  improve  them  all,  except  the  Dark  Brown 
Clay  Loam,  for  the  growth  of  leguminous  crops.  In  all 
these  soils,  except  this,  the  subsoil  is  decidedly  acid. 

Limestone  is  scarce  in  the  western  coal  field,  but  all 
around  its  border  occurs  an  abundance  of  very  pure 
limestone,  which  will  furnish  fine  material  for  correcting 
acid  soils  when  finely  ground.  There  would,  no  doubt, 
be  a  market  for  such  material,  if  it  were  only  being  pro- 
duced. 

Of  the  three  types  of  bottom  soil,  there  are  all  to- 
gether about  78,500  acres,  or  36.6  per  cent  of  the  whole 
county.  Of  this  amount,  the  larger  proportion  is  prac- 
tically worthless  until  reclaimed  by  artificial  drainage, 
which  will,  no  doubt,  increase  the  yielding  capacity  ten- 
fold. So  far,  the  farmer  has  been  slow  to  take  to  the 
drainage  proposition,  because  of  the  cost  involved.   As 
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a  rule,  he  is  not  ready  to  look  ahead,  but  must  see  an 
immediate  income  for  the  money  expended  before  he  is 
willing  to  invest. 

At  present,  the  cost  of  drainage  is  decidedly  more 
than  it  should  be  because  of  the  great  distance  tile  must 
be  transported.  There  is,  no  doubt,  an  abundance  of  clay 
in  the  county  suitable  for  the  production  of  tiling  which, 
if  worked  by  a  plant  of  small  capacity,  would  in  all  prob- 
ability be  a  profitable  industry  for  the  operator  and  at 
•the  same  time  a  big  saving  for  the  farmer. 

Results  of  the  Pot  Culture  Experiments. 

While  the  soil  with  which  the  following  results  were 
obtained  is  not  a  Webster  county  soil,  it  is  in  every  re- 
spect typical  of  the  western  coal  field  and  has  practically 
the  same  origin  as  those  of  the  upland  types  in  Web- 
ster. 

It  was  collected  from  near  Bremen,  Muhlenberg 
county,  in  the  fall  of  1909,  and  may  be  correlated  with 
the  yellow  slit  loam  (undulating)  soil  area  of  Webster 
county.  Only  the  surface  soil  w^as  taken,  to  the  depth 
of  6  inches. 

Its  chemical  nature,  as  determined  by  analysis,  is 
very  similar  to  that  of  the  Webster  county  soil.  It  will 
be  noted,  however,  that  the  amount  of  available  potas- 
sium is  about  twice  as  large  as  in  those  from  Webster 
county.  Figuring  on  the  same  basis  and  expressing  the 
plant  food  content  in  terms  of  the  elements,  this  soil 
contains  to  the  acre,  in  the  first  6  inches,  1,577  pounds 
of  total  nitrogen,  623  pounds  of  total  phosphorus  and  25,- 
705  pounds  of  total  potassium.  The  fifth  normal  nitric 
acid  solution  showed  an  availability  of  1.86  per  ceiit  of 
the  total  phosphorus,  or  11.6  pounds  per  acre,  and  1.6 
per  cent  of  the  total  potassium,  or  411  pounds  per  acre. 
The  acidity  test  showed  47.5  pounds  of  lime  required  to 
neutralize. 

In  the  fall  of  1909,  three  series  of  pot  culture  experi- 
ments were  begun  with  this  soil,  in  the  Experiment  Sta- 
tion Greenhouse.  Series  No.  I.  was  planted  in  tobacco; 
series  No.  11.  in  clover,  and  series  No.  III.  in  wheat. 
After  harvesting  the  crops,  the  soil  in  the  pots  was 
allowed  to  become  dry  during  the  summer.    In  the  fall 
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of  1910,  the  soil  of  each  pot  was  emptied  out,  worked 
over  and  the  same  kind  and  amount  of  fertilizer  mixed 
with  it  as  before,  after  which  it  was  returned  to  its 
proper  pot,  moistened  and  the  seed  planted.  Series  No. 
I.  was  planted  in  oats;  series  No.  II.  in  tobacco,  and 
series  No.  III.  in  clover. 

Series  Nos.  I.  and  III.  were  in  4-gallon  jars,  while 
series  No.  II.  was  in  2-gallon  jars.  Into  each  4-gallon 
jar,  15,000  grams,  or  about  30  pounds  of  soil,  were  put, 
and  one-half  that  amount  into  each  2-gallon  jar. 

Whether  used  alone  or  in  combination,  the  following 
amounts  and  kinds  of  plant  food  were  thoroughly  mixed 
with  the  soil  of  the  4-gallon  jars,  before  planting,  viz: 
Ground  limestone  (98  per  cent)  15  grams,  containing 
81/4  grams  of  pure  lime;  dried  blood  (12  per  cent)  6^^ 
grams,  containing  0.78  gram  nitrogen  to  supply  nitro- 
gen. ** Banner  Dissolved  Bone"  (24  per  cent  Pg  Og) 
3.8  grams,  containing  0.4  gram  phosphorus  or  20.0 
grams  fine  ground  Tennessee  phosphate  (28  per  cent 
Po  Of*))  containing  2.46  grams  of  phosphorus  to  supply 
that  element.  Sulfate  of  potash  (54  per  cent  Kg  0)  3.2 
grams,  containing  1.43  gram  potassium  to  supply  potas- 
sium. Manure,  35  grams  of  the  dried  and  powdered  ma- 
terial. 

The  2-gallon  pots  received  half  these  quantities. 

Banner  Dissolved  Bone  is  a  precipitated  tricalcium 
phosphate,  containing  only  about  14  ^f  one  per  cent  of 
nitrogen  and  potash,  respectively.  It  is  not  a  **  dissolved 
bone"  in  the  usual  sense,  not  having  been  treated  with' 
acid,  and  is  not  acid. 

In  the  following  tables,  N.  stands  for  nitrogen,  P. 
for  phosphorus  and  K.  for  potassium.  Where  there  are 
two  pots  without  fertilizer,  the  average  of  their  yields 
is  used  in  calculating  the  increase.  The  minus  sign  ( — ) 
before  a  number  in  the  columns  headed  ** Increase" 
means  that  there  was  decrease,  instead  of  increase,  in 
the  yield. 
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SERIES  NO.  I.— 1909-10,  TOBACCO.  FOUR-GALLON  POTS. 


Pot   No. 

Fertilizer 

:=      1 

Hi 

OS* 

-4 

2-  1 

J5o 

U 

t* 

£. 

352 

None 

None 

Limestone 

12.8 
14.7 
12.0 

353 

354 

—1.75 

—12.7 

355 

N  

20.3 
10.0 

6.55 
—3.75 

47.6 

356 

P  

—27.2 

357 

K  

13.8 

.05 

0.4 

358 

N  &  P  

21.1 

7.35 

53.4 

359 

N  &  K  

21.2 

7.45 

54.2 

360 

P  &  K  

7.9 

—5.85 

—42.5 

361 

N,  P  &  K  

22.1 

8.35 

60.7 

362 

Rock  Phosphate  

13.2 

—  .55 

—  4.0 

363 

Manure  

9.7 
10.3 

—4.05 
—3.45 

—29.4 

364 

Rock  phosphate  and  manure 

—25.1 

SERIES  NO.  I.— 1910-11,  OATS  AFTER  TOBACCO. 

FOUR-GALLON  POTS. 


Pot 
No. 

Fertilizer 

Whole  crop 

yield. 

Grams  per  pot. 

Increase 
Grams  per  pot. 

Grain  yield 
Grams  per  pot. 

Increase 
Grams  per  pot. 

B 

352 

None  

50. 

45. 

61. 

63. 

83. 

64. 
104.5 

82.0 

86.0 
124,0 

68.5 

93.5 

84.0 

10.4 
9.8 
13.5 
15.0 
15.0 
11.4 
27.7 
18.7 
14.4 
25.0 
13.4 
16.5 

15.4 

353 

None   

354 

Limestone   

13.5 
15.5 
35.5 
16.5 

57.0 
34.5 
38.5 
76.5 
21.0 
46.0 

36.5 

3.4 
4.9 
4.9 
1.3 

17.6 
8.6 
4.3 

14.9 
3.3 
G.4 

5.3 

33.6 

355 

N    

48.5 

356 

P    

48.5 

357 

K 

12.9 

358 

N   &   P 

174.3 

359 

N   &  K 

851 

3G0 
361 

P   &   K 

N,  P  &   K 

42.2 
147.5 

362 
363 

Rock   phosphate   

Manure    

32.7 
63.4 

364 

Rock      phosphate          and 
manure  

52.4 
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series  no.  11.— 1909-10,  clover.   two-gallon  pots. 


Pot 
No. 


Fertilizer 


t 


I 


J5o 


a 

u 

It 


366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 


None  

Limestone    

N   

N  and  limestone  

P 

P  and  limestone 

K   

K  and  limestone 

N  and  P  

P  and  K 

N  and  K 

N,  P  and  K 

Rock  phosphate  

Manure  

Manure  and  rock  phosphate 
Manure  and  limestone  


16. 

20.4 

19.4 

15.7 

32.1 

43.1 

21.7 

19.8 

31.2 

24.8 

15.3 

35.1 

30.8 

25.7 

27.6 

25.0 


4.4 

3.4 

—0.3 

16.1 

27.1 

5.7 

3.8 
15.2 

8.8 

—0.7 

19.1 

14.8 

9.7 
11.6 

9.0 


27.5 

21.3 

—1.9 

100:6 

169.4 

35.6 

23.8 

95.0 

55.0 

—4.4 

119.8 

92.5 

&0.6 

72.6 

56.3 


SERITS    NO.    II.— 1910-11,    TOBACCO   AFTER   CUOVEjR. 

TWO-GALLON     POTS. 


Pot 
No. 


Fertilizer 


V 

> 


e 


a. 


a  s 


t 


V 

J5o 


a 

It 


365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 


None  

None  

Limestone 
N     


N  and  limestone. 


P  and  limestone 
K  


K  and  limestone 
N  P  


PK   

N  K  

N  P  K  

Rock    phosphate    

Manure    

Manure  and  rock  phosphate 
Manure  and  limestone 


3.8 
3.7 
5.0 
6.2 
5.3 
4.6 
5.5 
7.3 
4.5 
7.0 
1.1 
5.9 
7.5 
7.4 
9.5 
7.6 
4.2 


1.25 
2.45 
1.55 

.85 
1.75 
3.55 

.75 
3.25 
-2.G5 
2.15 
3.75 
3.65 
5.75 
3.85 

.45 


33.3 

65.3 

41.3 

22.7 

46.9 

94.7 

20.0 

86.7 

—70.7 

57.3 

100.0 

97.3. 

153.3 

102.4 

12.0 
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SERIES  NO.   III.— 1909-10,  WHEAT.     FOUR-GALLON    POTS. 


Pot 
No. 

Fertilizer 

Whole  crop 
yield,  grams 
per  pot. 

Increase 
Crams  per  pot 

Crain  yield 
Crams  per  pot 

Increase 
Crams  per  pot 

i 

u 

u 

382 

None                          

34.3 
35.5 
41.5 
44.6 
47.7 
70.4 
61.2 
50.6 
74.4 
45.6 
44.5 
36.3 

11.8 
12.0 
15.2 
14.6 
15.0 
22.5 
20.6 
16.2 
26.3 
15.7 
16.2 
14.9 

383 

None       

384 

N    

6.6 

9.7 

12.8 

35.5 

26.3 

15.7 

39.5 

10.7 

9.6 

1.4 

3.3 
2.7 
3.1 

10.6 
8.7 
4.3 

14.4 
3.8 
4.3 
3.0 

27.7 

385 

P    

22.7 

386 

K    

26.1 

387 

N   &  P  

89.1 

388 
389 
390 
391 

N  &  K  

P  &   K  

N,   P  &   K 

Rock  phosphate  

73.1 

36.1 

121.0 

31.6 

392 

Manure  

36.1 

393 

Manure  and  rock  phosphate.. 

25.2 

SERIES  NO.  111.-191011,    CLOVER  AFTER  WHEAT. 

FOUR-GALLON    POTS. 


Pot 
No. 


Fertilizer 


^^ 

*^ 

. 

o 

c 

o 

0 

d. 

a. 

a. 

a. 

itting 
IS  per 

.5  *< 

3    » 

m 

1st  CD 

Cran 

2nd  c 
Cram 

Total 
Cram 

Increi 
Cram 

9 


382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 


None    

None   

N    

P    

K    

N  &   P  

N  ft  K  

P  &   K  

N,  P  &  K  

Rock  phosphate  

Manure  

Manure  and  rock  phosphate 


13. 

15.2 

14.6 

15.9 

14.7 

15.5 

45.8 

24.5 

12.4 

17.0 

51.2 

21.5 

17.7 

19.3 

49.3 

22.0 

44.0 

25.5 

32.2 

21.0 

46.5 

25.0 

36.5 

24.5 

28.2 
30.5 
30.2 
70.4 
29.4 
72.7 
37.0 
71.3 
69.5 
53.2 
71.5 
61.0 


8.50 

41.05 

.05 

43.35 

7.65 
41.95 
49.15 
23.85 
42.15 


31.65 


2.9 
139.9 
0.2 
147.7 

26.1 
143.0 
136.8 

81.3 
143.6 
107.8 
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These  results  are  reported  here  as  being  interesting 
and  suggestive  of  what  may  be  expected  from  the  use  of 
fertilizers  in  the  field,  though  it  is  to  be  remembered 
that  pot  experiments  and  field  results  are  not  always  con- 
cordant. 

As  the  experiments  are  being  continued,  a  discussion 
of  them  will  not  be  attempted  at  this  time.  It  may  be 
noted,  however,  that,  on  the  whole,  phosphorus  decidedly 
increased  the  yields  of  wheat,  oats  and  clover,  but  not 
that  of  tobacco.  That  nitrogen  decidedly  increased  the 
yields  of  wheat,  oats  and  tobacco,  but  not  that  of  clover. 
That  potassium  moderately  increased  the  yields  of 
wheat  and  oats  and  slightly  increased  that  of  clover,  but 
did  not  have  a  marked  effect  on  that  of  tobacco.  Eock 
phosphate,  used  alone,  gave  consistent  gains,  except  with 
tobacco.  Used  with  manure,  however,  its  effect  seems 
to  have  been  negative,  contrary  to  the  usual  teaching. 
Limestone  produced  moderate  increase  with  oats  and 
clover  and  with  tobacco  following  clover.  Used  with 
phosphorus  on  clover  there  was  a  decided  increase  over 
the  pot  where  phosphorus  alone  was  tried. 
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SOIL  SURVEY   OF  THE  MARKS   FARM 

HENDERSON  COUNTY. 

BY  S.   C.  JONES. 


This  farm  lies  in  the  northeastern  part  of  Henderson 
county,  ten  miles  east  of  Henderson  and  one  mile  north 
of  the  Henderson-Owensboro  pike.  It  is  almost  a  perfect 
rectangle  and  is  about  twice  as  long  as  wide,  and  lies 
south  of  the  junction  of  the  Spottsville  and  Bluff  City 
roads.  Lick  creek  and  Mosley's  branch  form  the  south- 
west boundary.    The  farm  contains  300  acres. 

Topography  and  Drainage. 

The  farm  contains  tw^o  phases  of  topography,  viz: 
the  rolling  uplands  lying  mainly  in  the  northwestern 
portion  of  the  farm  and  the  flats  or  bottoms  lying  mainly 
in  the  eoutheastern  portion  of  the  farm.  The  natural 
drainage  of  the  flat  portion  and  even  of  portions  of  the 
uplands  is  very  poor.  This  fanii  has  good  outlets  for 
artificial  drainage  and  when  the  proposed  system  is 
completed  bad  drainage  conditions  will  no  doubt  be 
eliminated. 

Soils. 

While  this  farm  lies  in  the  Western  Coalfield  and  is 
doubtless  underlain  with  coal,  the  soil,  even  that  cover- 
ing the  upland,  is  probably  largely  of  transported  origin. 

Soil  Types. 

Although  the  soils  of  this  farm  differ  in  some  respects 
from  those  of  Webster  county,  considering  their  origin 
and  chemical  and  physical  nature,  they  agree  more  or 
less  and  may  be  justly  correlated.  Three  types  have  been 
outlined,  two  in  the  low  lands  and  one  in  the  upland. 
Naming  in  order  of  area  they  are  as  follows: 


1110  First  Annual  Eeport 

Acres  Per  Cent. 

Yellow   silt   loam    (upland) 114  38.00 

Gray    clay    loam    (bottom) 97  32.66% 

Gray  silt  loam    (bottom) 88  29.33% 

Yellow  Silt  Loam  (Upland.) 

This  type  covers  the  upland  which  occupies  mainly 
the  northwestern  portion  of  the  farm  and  contains  a 
total  area  of  114  acres.  The  farm  is  only  a  few  miles 
from  the  Ohio  and  Green  rivers,  and  while  the  soil  of 
the  upland  is  very  similar  in  its  appearance  to  the  soils 
farther  south  in  the  Coal  Measures,  they  are  very  deep 
and  appear  in  some  places  along  the  roads  in  this  vicin- 
ity to  possess  properties  characteristic  of  loess  or  trans- 
ported soil.  The  surface  is  a  yellowish  or  grayish  silt 
loam  of  varying  depth  ranging  from  6  to  10  inches.  In 
places  there  are  ** scald''  or  worn  spots  on  which  clover 
is  an  absolute  failure.  Where  these  spots  are  found  the 
surface  soil  appears  to  have  been  removed  by  erosion, 
leaving  the  sub-soil  exposed.  These  ** scalds''  are  very 
easily  detected  because  of  their  red  color  which  is  rather 
typical  of  the  more  clay-like  sub-soil. 

The  following  tables  contain  the  results  of  the  chem- 
ical analyses,  made  by  the  Experiment  Station  chemists, 
of  samples  of  both  surface  and  sub-soil,  one  from  the 
** scald"  spots  and  the  other  from  the  natural  soil: 

Chemical    Analysis   of  the    Soils  from   the   "Scald    Spots," 

calculated  as  Per   cent  of  the   Moisture-free  Samples. 

Surface  0  to  6"     Subsoil  6-18" 

Laboratory   number   36219  36220 

Total    nitrogen    060  .038 

Total  phosphoric  acid 0975  .1012 

Phosphoric  acid  dissolved  by  n/5  nitric 

acid     (Available) 0009  .0006 

Total  potash  1.64  1.80 

Potash     dissolved    by     n/5    nitric    acid 

(Available)    013  .0223 

Lime  dissolved  by  same  095  .059 

Acidity  calculated  as  hme  required 081  .1835 
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Chemical  Analysis  of  the  Natural  Soil, 
calculated  as  Per  Cent  of  the  Moisture-free  Samples. 

Surface  0-6"     Subsoil  6-12" 

Laboratory   number   36221  36222 

Total    nitrogen    072  .048 

Total  phosphoric  acid 0775  .085 

Phosphoric    acid    dissolved     by     n/5 

nitric    acid    (Available)    0008  .0005 

Total    potash    1.53  1.74 

Potash    dissolved     by     n/5    nitric    acid 

(Available)    0229  .0197 

Lime  dissolved  by  same  103  .146 

Acidity  calculated  as  lime  required 006  .008 

Figuring  from  the  apparent  specific  gravity  as  de- 
termined from  the  correlated  type  in  Webster  county, 
there  is  over  an  acre  to  a  depth  of  6  inches  approximately 
1,900,000  pounds  of  soil,  while  in  the  succeeding  12 
inches  of  sub-soil  (6  to  18  inches)  there  is  approximately 
3,800,000  pounds  of  soil.  Figuring  on  this  basis  and  ex- 
pressing the  amounts  of  plant  food  in  terms  of  the  ele- 
ment the  surface  soil  from  the  ** scald"  spots  contains 
1140  pounds  of  nitrogen,  809  pounds  of  total  phosphorus, 
anl  25,863  pounds  of  total  potassium,  while  in  the  sub- 
soil (6-18  inches)  there  is  1,444  pounds  of  total  nitrogen, 
1,680  pounds  of  total  phosphorus  and  56,172  pounds  of 
total  potassium.  This  soil  requires  1,539  pounds  of  lime 
(CaO)  to  neutralize  the  acid  in  the  surface  and  6,973 
pounds  to  neutralize  the  acid  in  the  subsoil. 

In  the  surface  soil  the  fifth  normal  nitric  acid  solu- 
tion shows  an  availability  of  0.92  per  cent  of  the  total 
phosphorus,  or  7.47  pounds  per  acre,  0.79  per  cent  of  the 
total  potassium,  or  205  pounds  per  acre,  while  in  the 
subsoil  it  shows  an  availability  of  0.59  per  cent  of  the 
total  phosphorus,  or  9.69  pounds  per  acre,  1.2  per  cent 
of  the  total  potassium,  or  703  pounds  per  acre. 

The  natural  soil  contains  in  the  surface  1,368  pounds 
of  nitrogen,  643  pounds  of  total  phosphorus  and  24,128 
pounds  of  total  potassium  to  the  acre,  while  the  subsoil 
(6-18  inches)  contains  1,824  pounds  of  nitrogen,  1,411 
pounds  of  total  phosphorus  and  54,879  pounds  of  total 
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potassium.  This  soil  requires  114  pounds  of  lime  (CaO) 
to  neutralize  the  acid  in  the  surface  soil  and  304  pounds 
to  neutralize  the  acid  in  the  subsoil. 

In  the  surface  the  fifth  normal  nitric  acid  solution 
shows  an  availability  of  1.03  per  cent  of  the  total  phos- 
phorus, or  6.64  pounds  per  acre,  1.49  per  cent  of  the  total 
potassium  or  361  pounds,  while  in  the  subsoil  it  shows  an 
availability  0.59  per  cent  of  the  total  phosphorus  or  8.3 
pounds  per  acre,  1.13  per  cent  of  the  total  potassium,  or 
621  pounds  per  acre. 

The  soil  from  the  ** scald"  spots  is  poorer  in  total 
nitrogen  and  richer  in  total  phosphorus  and  potassium 
than  tho  natural  soil,  but  has  a  smaller  per  cent  of  the 
total  phosphorus  and  potassium  available.  Both  the 
surface  and  subsoil  of  the  natural  soil  are  only  slightly 
acid,  while  those  from  the  ** scald"  spots  are  strongly 
acid.  This  is  quite  probably  the  reason  for  the  clover 
failure. 

Gray  Clay  Loam  Bottom. 

This  type  includes  98  acres  or  slightly  less  than  one- 
third  of  tlie  entire  farm.  It  is  a  transported  soil  and 
is  rather  characteristic  of  the  bottoms  along  Green  river 
and  its  tributaries  in  the  Western  Coalfield.  It  has  a 
rather  wide  and  diversified  origin,  having  been  derived 
from  a  series  of  geological  formations  representing  prin- 
cipally the  carboniferous  rocks. 

The  land  as  a  rule  is  rather  flat;  however,  in  places  it 
has  undergone  a  slight  erosion.  It  is  known  by  the 
farmers  as  *'post  oak"  altliough  this  area  appears  to 
I)roduce  a  larger  type  of  oak  than  is  commonly  found. 

The  surface  is  a  gray  clay  loam  or  loam  underlain 
with  a  waxy  clay  subsoil  varying  from  a  yellow  to  a 
bluish  gray  color.  In  many  places  on  the  surface  the 
soil  is  rather  silty  to  a  depth  of  3  or  4  inches.  Water 
does  not  stand  on  this  soil,  yet  the  natural  drainage  is 
poor.  The  foUowing  analyses  were  made  by  the  Experi- 
ment Station  chemists: 
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Chemical  Analyses,  calculated  as  Per  Cent  of  the 

Moisture-free    Samples. 

Surface  0-6"    Subsoil  6-18" 

Laboratory    number    36217  36218 

Total  nitrogen  076  .056 

Total  phosphoric  acid  0787  .0412 

Phosphoric  acid  dissolved  by  n/5  nitric 

acid    (Available)    0005  .0004 

Total  potash  1.42  2.12 

Potash    dissolved     by    n/5   nitric    acid 

(Available)    0085  .0075 

Lime  dissolved  by  same  078  .070 

Lime  required  to  neutralize  acid 080  .316 

Figuring  from  the  apparent  specific  gravity  as  de- 
termined from  the  correlated  type  in  Webster  county, 
there  is  over  an  acre  to  a  depth  of  6  inches  approximately 
1,800,000  pounds  of  soil,  while  in  the  succeeding  12 
inches  (6  to  18  inches)  there  is  approximately  3,700,000 
pounds  of  soil.  Figuring  in  pounds  per  acre  there  is 
in  the  surface  soil  1,368  pounds  of  nitrogen,  619  pounds 
of  phosphorus  and  21,215  pounds  of  potassium  per  acre, 
while  in  the  subsoil  (6-18  inches)  there  is  2,072  pounds  of 
nitrogen,  666  pounds  of  total  phosphorus  and  65,105 
pounds  of  total  potassium. 

In  the  surface  the  fifth  normal  nitric  acid  solution 
shows  an  availability  of  0.63  per  cent  of  the  total  phos- 
phorus, or  3.93  pounds  per  acre,  0.59  per  cent  of  the  total 
potassium,  or  127  pounds  per  acre,  while  in  the  subsoil 
it  shows  an  availability  of  0.99  per  cent  of  the  total 
phosphorus,  or  6.46  pounds  per  acre,  0.35  per  cent  of  the 
total  potassium,  or  230  pounds  per  acre.  The  surface 
soil  requires  144  pounds  of  lime  (CaO)  to  neutralize  the 
acid,  while  the  subsoil  requires  11,692  pounds  of  lime  to 
neutralize  the  acid. 

Gray  Silt  Loam  Bottom. 

This  type  includes  88  acres  or  slightly  less  than  30 
per  cent  of  the  farm.  This  is  a  transported  soil  and  is 
quite  variable.  It  is  derived  principally  from  the  imme- 
diate upland  and  in  its  physical  nature  is  very  similar 
to  it  in  many  respects.  In  the  low  places,  along  the  drain- 
age mains  the  soil  is  practically  a  yellow  brown  silt 
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loam.  Since  the  land  has  been  under  cultivation  much 
of  this  brown  soil  has  been  covered  by  the  yellow  or  gray 
soil  from  the  upland.  Taking  the  area  as  a  whole  the 
surface  soil  is  in  the  main  a  grayish  or  yellowish  silt 
loam  8  inches  or  more  in  depth.  The  subsoil  is  probably 
more  variable  than  the  surface.  Just  north  of  the  gray 
clay  loam  area  the  subsoil  is  rather  clay-like,  while  in 
other  places  it  is  very  similar  to  that  of  the  upland, 
resembling  somewhat  a  second  bottom.  From  this  place 
two  samples  were  taken  for  chemical  analyses,  one  from 
the  surface  and  one  from  the  subsoil.  Also  samples 
were  taken  from  the  first  bottom.  The  analvses  were 
made  by  the  Experiment  Station  chemists: 


Chemical  Analyses  of  Soils  from  First  Bottom,  Calculated  as 
Per  Cent  of  the   Moisture-free  Samples. 

Surface  0-6"     Subsoil  6-18" 

Laboratory   number   36225  3622G 

Total   nitrogen   084  .062 

Total  phosphoric  acid  0825  .0757 

Phosphoric  acid  dissolved  by  n/5  nitric 

acid    (Available)    0013  .0013 

Total  potash  1.42  1.41 

Potash    dissolved     by    n/5    nitric     acid 

(Available)  0165  .0149 

Lime  dissolved  by  same  146  .160 

Acidity  calculated   as   lime 003  .0005 


Chemical   Analyses  of  Soil    from   Second    Bottom,    Calculated   as 

Per  Cent  of  the   Moisture-free  Samples. 

Surface  Subsoil 

Laboratory  number  36223         36224 

Total   nitrogen   066  .044 

Total  phosphoric  acid  0725  .0725 

Phosphoric   acid    dissolved    by    n/5    nitric    acid 

(Available)    Oil  .0012 

Total  potash  1.24  1.37 

Potash  dissolved  by  n/5  nitric  acid  (avail.) 0181  .0155 

Lime  dissolved  by  same 059  .061 

Acidity  calculated  as  lime  0145  .0695 
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Figuring  from  the  apparent  specific  gravity  as  de- 
termined from  the  correlated  type  in  Webster  county, 
there  is  over  an  acre  to  a  depth  of  6  inches,  approxi- 
mately 1,900,000  pounds  of  soil,  while  in  the  succeeding 
12  inches  (6-18  inches)  there  is  approximately  3,800,000 
pounds  of  soil. 

Figuring  in  pounds  per  acre  the  soil  from  the  first 
bottom  contains  in  the  surface  1,596  pounds  of  nitrogen, 
685  pounds  of  total  phosphorus,  and  20,215  pounds  of 
total  potassium,  while  the  subsoil  contains  2,356  pounds 
of  nitrogen,  1,245  pounds  of  total  phosphorus  and  42,- 
330  pounds  of  total  potassium. 

In  the  surface  the  fifth  normal  nitric  acid  shows  an 
availability  of  1.58  per  cent  of  the  total  phosphorus,  or 
10.79  pounds  per  acre,  1.22  per  cent  of  the  total  potas- 
sium, or  260  pounds  per  acre,  while  in  the  subsoil  it 
shows  an  availability  of  1.70  per  cent  of  the  total  phos- 
phorus, or  21.59  pounds  per  acre,  1.1  per  cent  of  the  total 
potassium,  or  470  pounds  per  acre.  The  surface  soil 
requires  57  pounds  of  lime  (CaO)  to  neutralize  the  acid, 
while  the  subsoil  requires  only  9.5  pounds. 

The  soil  from  the  second  bottom  contains  in  the  sur- 
face 1,254  pounds  of  nitrogen,  501  pounds  of  total  phos- 
phorus and  19,555  pounds  of  total  potassium,  while  the 
subsoil  contains  1,672  pounds  of  nitrogen  and  1,002 
pounds  of  total  phosphorus  and  43,209  pounds  of  total 
potassium.  The  surface  soil  required  275  pounds  of  lime 
(CaO)  to  neutralize  the  acid,  while  the  subsoil  requires 
2,641  pounds. 

In  the  surface  soil  the  fifth  normal  nitric  acid  shows 
an  availability  of  2.8  per  cent  of  the  total  phosphorus,  or 
14.11  pounds  per  acre,  1.45  per  cent  of  the  total  potas- 
sium, or  285  pounds  per  acre,  while  the  subsoil  shows 
an  availability  of  1.9  per  cent  of  the  total  phosphorus,  or 
19.9  pounds  per  acre,  and  1.13  per  cent  of  the  total  potas- 
sium, or  489  pounds. 
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Chemical  Analysis  of  Soils  from   Marr's  Farm. 
Plant  food  expressed  in  pounds  per  acre. 


tt 


Scald  Spots''  Where  No  Clover  Grows. 
(Yellow    Silt    Loam   Upland. 
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Natural  Soil — Where  Clover  Grows  Well. 
(Yellow   Silt   Loam   Upland.) 
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"First  Bottom''  Soil. 
(Yellow    or   Gray    Silt    Loam.) 
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This  farm  has  been  under  cultivation  for  practically 
fifty  years  and  until  recently  has  been  very  poorly  man- 
aged as  is  evidenced  by  its  low  nitrogen  content  and 
badly  worn  condition.  Like  all  land  in  Western  Ken- 
tucky, It  is  poor  in  total  phosphorus  and  ricli  in  total 
potassium.  As  shown  by  the  fifth  normal  nitric  acid 
solution  every  place  or  type  of  soil  on  the  farm  is  poor 
in  available  phosphorus.  According  to  the  test  for  acid 
all  of  the  soils  are  more  or  less  acid.  The  ** scald  spots'* 
of  the  upland  and  the  gray  silt  loam  (post  oak)  of  the 
bottom  are  strongly  acid.  Also  the  subsoil  of  the  **  sec- 
ond bottom."  The  poor  growth  of  legumes  on  this  farm 
is  doubtless  largely  due  to  the  acid  condition  of  the  soils. 

Then,  in  order  to  grow  legumes,  which  is  absolutely 
necessary  if  this  land  is  to  be  built  up,  lime  must  be 
added  to  correct  the  acid  condition  of  the  soils.  It  may 
be  added  either  in  the  form  of  burned  lime  or  ground 
limestone,  the  latter  being  preferred  because  it  does  not 
have  the  caustic  effect  of  the  burned  lime.  An  applica- 
tion of  from  one  to  four  tons  per  acre  of  finely  ground 
limestone  would  be  advisable,  the  larger  amounts  of 
course  being  added  to  the  strongly  acid  areas. 

We  have  seen,  furthermore,  that  if  this  land  is  to  be 
made  fertile,  its  nitrogen  and  phosphorus  contents  must 
be  increased  and  a  larger  per  cent  of  the  great  store  of 
inert  potassium  made  available.  How  is  this  to  be  ac- 
complished? Because  of  the  high  price  of  commercial 
nitrogen  the  farmer  cannot  afford  to  buy  this  element 
for  general  farm  crops.  It  can  be  added  to  the  soil  much 
more  cheaply  from  the  large  store  in  the  atmosphere  by 
growing  clover  and  other  legimies  and  at  the  same  time 
accumulate  organic  matter  which  will  aid  in  rendering 
available  the  inert  phosphorus  and  potassium.  The 
legumes  may  be  turned  under  directly  or  fed  as  hay  and 
the  manure  returned  to  the  soil,  the  latter,  however, 
being  regarded  more  profitable.  Then  assuming  that 
potassium  may  be  made  available  only  phosphorus  re- 
mains to  be  purchased.  Phosphorus  may  be  purchased 
in  the  form  of  acid  phosphate,  bone  meal  or  ground 
rock  phosphate.  Ground  rock  phosphate  is  much  the 
cheapest  form  and  will  no  doubt  be  more  profitable  w^ith 
the  i)roper  system  of  crop  rotation  employed, 
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SOIL  SURVEYS  OF  THE  HARTFORD,  MADI- 
SONVILLE  AND  CENTRAL  CITY 

A  SOIL  SURVEY  OF  THE  HARTFORD 

QUADRANGLE. 

BY  S.   C.   JONES. 


This  quadrangle  lies  in  the  Western  Coalfield  within 
parallels  37 "^  15'  and  37°  30"  north  latitude  and  meridian 
86°  45"  and  87°  west  longitude.  This  area  lies  almost 
wholly  in  Ohio  county,  including  on  the  southeast  a 
small  portion  of  Butler  county  and  on  the  southwest  a 
small  portion  of  Muhlenberg  county. 

Like  all  of  the  Western  Coalfield  the  geology  is  com- 
posed of  alternating  strata  of  sandstones,  sandy  shales, 
clays,  slaty  materials  and  a  number  of  veins  of  coal  of 
varying  thickness  and  character.  When  these  formations 
weatlier  and  the  resulting  materials  intermingle  soils  of 
a  rather  uniform  nature  are  formed. 

The  topography  of  the  country,  included  in  this 
quadrangle  is  quite  various,  the  lowest  altitude  along  the 
streams  being  380  feet  above  sea  level  and  the  highest 
in  the  upland  slightly  more  than  600  feet,  giving  a  range 
in  altitude  to  about  240  feet. 

There  are  three  phases  of  topography  represented  in 
the  area,  1st  the  low  flat  bottom  lands,  2d  the  gentle  roll- 
ing or  undulating  upland,  and  3d  the  broken  or  dissected 
hilly  area. 

General  Drainage. 

The  i-outhern  half  of  the  quadrangle  is  divided  by  the 
Green  river  and  its  tributaries,  Lewis  creek.  Pond  Run, 
Spur  creek,  Bull  Run,  Slaty  creek,  and  Indian  Camp 
creek,  while  the  northern  half  is  drained  by  Rough  river 
and  its  tributaries.  Muddy  creek  with  its  several  prongs, 
viz:  North  Fork,  Elmlick  creek.  Pigeon  creek,  Threelick 
Fork,  Beaverdam  creek,  etc.,  and  Mill  Run,  Morrison 
Run,  Big  Run,  Walton  creek  and  No  creek. 
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Soil  Types. 

Out  of  a  total  of  247  square  miles  of  territory  in  the 
Hartford  Quadrangle  there  are  172.19  square  miles  con- 
taining soil  of  residual  origin  and  74.81  square  miles  of 
transported  origin.  The  residual  soil  occupies  the  up- 
land and  has  been  formed  from  the  insoluble  materials 
remaining  in  place  after  the  disintegration  of  the  over- 
lying rocks,  thus  forming  a  cover  over  the  deeper  un- 
altered rocks,  while  the  transported  soil  occupies  the 
bottom  land  having  been. carried  in  by  the  water  of  the 
small  streams  and  rivers. 

Classifying  the  soils  of  the  residual  and  transported 
areas  according  to  origin,  topography  and  physical  na- 
ture, such  as  their  content  of  sand,  silt,  clay,  organic 
matter,  color,  etc.,  five  types  are  recognized,  three  in 
the  transported  area  and  two  in  the  residual.  Naming 
in  order  of  area,  these  five  types  are  as  follows: 

Sq.  MI.    Acres.  Per  Cent. 

Yellow  silt  loam  (hilly)  135.         86,400  54.65 

Gray  silt  loam   (bottom)    42.13     26,963  17.05 

Yellow  silt  loam  (undulating)  37.19     23.801  15.05 

Gray  silt  loam  (river  bottom)  20.25    12,960  8.19 

Yellow  clay  loam  (river  bottom) 12.43       7,965  5.03 

Yellow  Silt  Loam  (Hilly). 

Morv^  than  half  of  the  territorv  embraced  in  the  Hart- 
ford  quadrangle  comes  under  this  type,  86,400  acres  or 
54.65  per  cent  of  the  entire  area.  It  occupies  the  dis- 
sected or  hilly  portion  of  the  area  which  is  interspersed 
with  a  number  of  strips  of  bottom  of  a  greater  or  lesser 
width  extending  along  the  streams.  There  is  an  undu- 
lating area  some  three  or  four  miles  in  width  made  up 
of  the  wide  bottoms  and  uiiduhiting  upland,  extending 
across  the  quadrangle  in  a  northwest  and  southeast  di- 
rection which  divides  the  hilly  region  into  practically 
two  separate  areas.  The  hills  vary  in  height  from  40  to 
200  feet,  the  highest  rising  some  200  feet  above  the  low- 
est bottom.  They  are  usually  not  very  large  and  present 
a  somewhat  serrated  appearance,  with  usually  narrow 
ridges. 
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In  its  origin  the  soil  of  this  type  is  very  closely  re- 
lated to  the  undulating  yellow  silt  loam,  the  chief  differ- 
ence being  that  of  topography  which  for  cultivation  sepa- 
rates them  quite  widely. 

The  surface  soil  is  a  yellowish  or  grayish  silt  loam 
with  depth  ranging  from  6  to  8  inches.  It  is  mellow  and 
open  and  unless  tramped  when  wet  rarely  breaks  into 
clods  and  tills  as  nicely  as  a  real  sandy  loam. 

The  subsoil  is  usually  more  clay-like  in  its  properties 
unless  in  places  where  the  soil  is  shallow  and  the  sand- 
rock  lies  near  the  surface,  in  which  case  the  subsoil  be- 
comes quite  sandy.  However,  as  a  rule,  at  from  10  to 
15  inches  it  has  a  bright  yellow  or  reddish  color  with 
gray  streaks  and  in  places  iron  strains,  where  at  from 
15  to  30  inches  it  becomes  decidedly  more  plastic  because 
of  a  greater  content  of  clay. 

It  is  a  well  drained  soil,  but  at  the  same  time  possess- 
ing fairly  good  water  holding  properties.  The  surface 
soil  is  very  open  and  porous,  allows  the  rain  water  to 
enter  easily  which  is  stored  up  in  the  more  clayey  sub- 
soil. However,  the  capacity  of  the  surface  soil  to  hold 
moisture  could  be  greatly  increased  by  incorporating 
large  quantities  of  vegetable  matter  which  originally  is 
very  much  lacking. 

The  native  timber  found  growing  on  this  type  con- 
sists of  the  different  varieties  of  oak,  beech,  maple,  hick- 
ory, sassafras,  persimmon  and  in  some  places  walnut. 
The  valuable  timber  has  practically  all  been  cut  off  of 
the  hills,  and  they  are  now  covered  with  shrubs  and  a 
second  growth  of  small  trees. 

The  soils  of  this  area  are  not  so  badly  washed  as 
are  the  hills  in  some  other  sections  of  the  Western  Coal- 
field. They  do  not  seem  to  have  been  cultivated  so  long 
before  being  turned  back  to  a  growth  of  shrubs  and  wild 
grasses.  Only  a  comparatively  small  proportion  of  this 
area  is  now  under  cultivation.  Corn,  wheat,  tobacco 
and  hay  are  the  principal  crops  grown.  Not  nearly  as 
much  tobacco  is  grown  as  in  the  counties  just  west  of 
Ohio  county.  The  yield  of  corn  varies  from  15  to  20 
bushels  per  acre,  that  of  wheat  from  10  to  15,  and  to- 
bacco from  500  to  1,000  pounds.  Hay  is  made  from 
clover,  cow  peas,  timothy  and  red  top  and  yields  an  aver- 
age of  about  one  ton  per  acre. 

geo.  36. 
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These  hills  should  be  kept  in  grass,  timber  and 
orchards.  The  land  washes  very  badly  when  cultivated 
continuously.  The  Japanese  clover  is  now  the  chief 
grass  on  these  hills.  It  is  inadequate  for  grazing  be- 
cause of  not  appearing  until  late  in  the  spring  and  dying 
out  with  the  early  frost  in  the  fall  and  withers  and  dies 
during  only  moderate  drouths.  With  grass,  able  to  re- 
sist drouths,  that  will  make  a  sod  on  the  silty  or  sandy 
soil  and  that  will  grow  early  in  the  spring  and  late  in  the 
fall,  the  hills  of  the  Western  Coalfield  could  be  made  a 
profitable  country  for  grazing.  All  kinds  of  fruits  do 
well  in  the  upland  soils  in  this  area  and  the  location  is 
such  that  there  is  seldom  a  vear  when  fruit  is  a  failure 
because  of  freezes  and  frost.  The  rough  and  badly 
eroded  areas  should  be  planted  in  a  quick  growth  of 
timber,  such  as  the  post-locust,  which  after  twenty  years 
would  be  yielding  a  handsome  profit  for  the  owner. 

Yellow  Silt  Loam  (Undulating). 

The  soil  of  this  type  includes  23,801  acres  or  15.05  per 
cent  of  the  total  area.  The  largest  areas  border  on  the 
Muddy  creek  bottoms,  the  largest  lying  north  of  Beaver- 
dam,  embraced  between  Beaverdam  and  Muddy  creek; 
the  next  in  size  lies  just  east  of  Hartford,  north  of 
Muddy  creek.  The  remainder  includes  numerous  small 
tracts  or  patches  scattered  in  various  places  over  the 
area. 

This  type  is  gently  rolling  and  occupies  the  low  up- 
land areas,  the  gentle  slopes  and  the  broad  ridges.  Its 
origin  is  the  same  as  that  of  the  hilly  area,  though  the 
soils  are  usually  much  deeper,  the  depth  ranging  from 
12  to  20  feet  to  native  rock,  while  on  the  hill  sides  rock 
is  often  found  within  two  or  three  feet  of  the  surface. 

The  surface  soil  is  a  yellowish  or  grayish  silt  loam 
varying  in  depth  from  6  to  10  or  12  inches.  It  is  very 
loose  and  open  and  generally  lies  rolling  enough  to  afford 
fairly  good  natural  drainage,  though  the  flat  portions 
of  the  soil  is  rather  gray,  indicating,  of  course,  the  need 
of  drainage. 

The  subsoil,  because  of  less  favorable  drainage,  is 
slightly  more  gray  in  color  than  that  of  the  hills,  other- 
wise in  their  nature  they  resemble  each  other  rather 
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closely.    On  the  undulating  soils  maple,  beech  and  walnut 
are  found  more  frequently  than  on  the  hills. 

A  much  larger  proportion  of  this  type  is  under  culti- 
vation, but  practically  the  same  crops  are  grown  with  of 
course  much  better  yields.  Corn  yields  from  20  to  60 
bushels  per  acre,  wheat  from  10  to  30  bushels,  and  to- 
bacco from  800  to  1,400  pounds.  Clover  and  grasses  do 
well  on  fresh  land,  but  not  so  well  on  old  land,  unless 
well  manured.  This  land  is  valued  at  from  $25  to  $50  or 
$60  per  acre,  while  the  hill  land  is  valued  at  from  $5  to 
$25,  in  both  cases  the  price  depending  on  location,  state 
of  cultivation,  etc. 

Gray  Silt  Loam.    (Bottom). 

This  is  a  type  that  is  quite  common  along  all  the  small 
streams  in  the  Western  Coalfield.  In  this  quadrangle 
there  are  26,963  acres  or  17.05  per  cent  of  the  whole  ^rea. 
It  lies  along  the  small  streams  and  has  been  derived 
chiefly  from  the  immediate  upland.  There  has  been  con- 
siderable material  deposited  in  these  bottoms  since  the 
hill  land  was  cleared. 

The  surface  soil  varies  from  a  gray  to  a  yellowish 
silt  loam,  usually  8  inches  or  more  in  depth.  In  the  low 
bottoms  where  water  stands  it  is  gray  and  crawfishy, 
while  where  better  drained  it  is  a  yellowish  color,  and  is 
usually  underlain  by  an  incoherent  silt  of  mealy  texture, 
while  the  low  wet  areas  are  underlain  by  a  more  plastic 
material. 

In  the  portion  of  these  bottoms  lying  near  the  rivers 
the  soil  is  somewhat  modified  by  an  intermingling  of 
material  from  the  back  water,  which  renders  the  soil 
slightly  more  plastic  and  clayey  in  its  nature.  These 
places  are  so  low  that  the  overflow  and  back  water  ren- 
der them  practically  worthless  for  cultivation.  If  it 
were  not  for  the  back  water,  ditching  with  a  system  of 
tile  drainage  would  probably  carry  off  the  overflow  and 
this  land  could  no  doubt  be  cultivated.  Such  an  area 
extends  from  the  mouth  of  Muddy  creek  almost  up  to 
Beaverdam.  The  land  lying  further  back  from  the  rivers 
in  these  bottoms  can  be  reclaimed,  unless  during  excep- 
tionally rainy  seasons,  by  a  well  planned  system  of  ditch- 
ing or  tiling. 
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The  native  growth  in  these  bottoms  consists  of  black 
oak,  red  oak,  sweet  gum,  sycamore  and  elm.  Corn  and 
hay  are  practically  the  only  crops  grown  and  because  of 
such  poor  drainage  the  yields  are  low. 

This  type  is  found  in  the  bottoms  of  Green  and  Eough 
rivers  and  differs  from  the  soil  of  the  bottoms  along  the 
small  streams,  in  that  the  materials  composing  the  soil 
are  derived  from  a  number  of  formations  differing  quite 
widely  in  their  character. 

As  outlined  in  the  map,  there  is  in  this  type  12,960 
acres  or  8.19  per  cent  of  the  total  area.  The  soil  of  the 
area  varies  somewhat  in  its  physical  nature,  that  near 
the  river  being  usually  more  sandy  and  becoming  more 
silty  towards  the  upland.  The  silty  strips  along  the 
river  vary  from  a  gray  sandy  loam  to  a  brown  sandy 
loam,  ranging  from  10  to  30  inches  in  depth.  These 
patches  are  very  productive  and  because  of  lying  from 
5  to  8  feet  higher  than  the  bottom  away  from  the  river 
the  drainage  is  fairly  good.  Near  the  hills  there  is  often 
found  a  thin  deposit  of  bluff  wash  underlain  with  gray 
silty  material,  although  in  places  rather  clayey  in  its 
nature.  The  bottom  along  Thorofare  creek  varies  from 
a  yellow  to  a  gray  silt  loam,  while  that  along  Bull  run 
and  Slaty  creek  lies  lower  and  is  more  clayey  in  its  na- 
ture. 

The  land  along  Rough  creek  overflows  mor<e  often 
than  that  along  Green  river.  For  the  last  five  years 
crops  have  been  drowned  out  almost  every  year.  With 
a  good  system  of  drainage  in  the  bottoms  where  there 
is  no  overflow  the  water  after  a  freshet  will  be  more  rap- 
idly removed  and  conditions  made  more  favorable  for 
growth  of  crops. 

A  growth  of  beech  predominates  to  such  an  extent  on 
this  land  that  it  is  often  known  as  ** beech  land."  In  the 
low  places  black  and  sweet  gum  are  usually  found. 

Corn  and  hay  are  about  the  only  crops  grown,  the 
yield  depending  on  the  amount  of  rainfall  and  drainage. 
Where  the  land  is  well  drained  and  not  injured  by  over- 
flow water,  corn  will  yield  when  well  cultivated  from  40 
to  30  bushels  per  acre,  where  on  poorly  drained  land 
practically  no  yield  is  obtained. 
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Yellow  Clay  Loam.    (Eiver  Bottom). 

This  type,  which  has  been  deposited  by  overflows  and 
by  back-water,  lies  mainly  along  the  larger  streams.  Of 
such  soil  there  are  7,965  acres,  or  5.03  per  cent  of  the 
total  area. 

The  surface  soil,  which  is  a  yellow  clay  loam,  varies 
from  8  to  10  inches  in  depth.  This  type  is  very  closely 
related  to  the  gray  silt  loam  (river  bottom),  and  occupies 
neighboring  areas,  but  differs  from  it  in  containing  more 
clay. 

Practically  the  same  sorts  of  crops  are  grown  on  the 
silt  loam,  with  no  material  difference  in  yield. 

SOIL  SUEVEY  OF  MADISONVILLE  AND  CENTEAL 

CITY  QUADEANGLES. 

These  two  quadrangles  lie  in  the  central  portion  of 
the  Western  Coalfield  within  parallel  37°  15'  and  37° 
30'  north  latitude  and  meridians  87°  and  87°  30^  west 
longitude.  This  area  includes  the  northern  half  of  Muhlen- 
berg, a  small  portion  of  southwestern  Ohio,  the  southern 
portion  of  McLean  and  the  northeastern  portion  of  Hop- 
kins counties. 

The  geology,  topography,  soils,  native  vegetation  and 
methods  of  farming  practiced  in  these  two  quadrangles 
are  rather  typical  of  the  area  included  in  the  Western 
Coalfield. 

The  geology  of  this  area  is  composed  of  alternating 
strata  of  sandstone,  sandy  shales,  clays,  slaty  materials 
and  a  number  of  coals,  and  at  certain  horizons  limestones 
of  thickness  varying  from  a  few  inches  to  12  or  14  feet. 
The  greatest  thickness  noted  was  in  a  ledge  at  Madison- 
ville. 

Topography. 

The  contour  lines  on  the  topographical  maps  repre- 
sent an  interval  of  20  feet.  As  shown  by  these  lines  the 
topography  of  the  area  included  in  these  two  quad- 
rangles is  quite  variable.  From  the  lowest  to  the  high- 
est contour  there  is  a  difference  of  240  feet;  the  lowest 
representing  the  stream  beds  and  having  an  altitude  of 
360  feet  above  sea  level  and  the  highest  representing  the 
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tops  of  the  highest  hills  and  having  an  altitude  of  600 
feet.  The  area  may  be  divided  into  five  different  phases 
of  topography:  1st  the  low,  broad,  flat  bottom  lands 
along  the  streams,  mainlv  Iving  between  the  contours 
380  and  400  feet ;  2d  the  bottom  land  more  than  400  feet 
above  sea  level  along  the  small  streams  extending  into 
the  upland ;  3d  the  undulating  or  gently  rolling  upland ; 
4th  the  rugged  hilly  areas  where  the  county  has  been 
elevated  and  dissected;  and  5th,  high  flat  ridges  at  the 
summit  of  these  hills. 

General  Drainage. 

The  Central  City  Quadrangle  is  drained  by  Green  and 
Rough  rivers  and  their  tributaries,  Pond  creek.  Cypress 
creek,  Elk  creek,  and  Barnett  creek,  while  the  Madison- 
ville  quadrangle  is  drained  by  Pond  river  and  its  tribu- 
taries, Drake  creek.  Flat  creek,  Bratton  creek,  Narge 
creek,  FAk  branch.  Long  creek.  Otter  creek,  Brier  creek, 
Isaacs  creek,  etc. 

The  deep  deposits  of  transported  material  in  these 
wide  bottoms  prove  that  during  past  ages  these  streams 
occupied  much  lower  geological  horizons  than  they  oc- 
cupy at  present.  It  is  claimed  that  drillings  have  been 
made  in  these  bottoms  to  a  depth  of  150  feet  before 
striking  native  material. 

Soil  Types. 

The  soils  of  thes  two  quadrangles  are  of  two  kinds, 
residual  and  transported.  The  upland  or  residual  soils 
are  very  uniform  in  their  physical  character.  Sandstone 
is  the  predominating  mat(»rial  from  which  they  are 
formed,  and  for  this  reason  they  do  not  vary  a  great  deal 
in  their  physical  composition;  however,  they  do  vary 
considerably  in  topograi)hy,  which  in  fact  determines 
their  agricultural  value.  On  this  basis  the  upland  soils 
have  be(»n  divided  into  two  typ(\s:  1st,  the  undulating  or 
gently  rolling  country  which  can  b(»  cultivated  when 
managed  properly,  without  undergoing  erosion;  2d,  the 
rough  liilly  conuti-y  which  should  be  kept  in  timber  and 
grass.  The  difference  in  tlu^  topogi-aj^liy  of  these  two 
types  is  not  due  to  a  difference  in  the  nature  of  the  ma- 
terial from  which  thev  are  formed,  but  to  a  difference  in 
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their  elevation.  The  elevated  portion  being  more  sus- 
ceptible to  the  agencies  of  erosion,  has  been  quitie  badly 
dissected,  while  the  less  elevated  portion  has  been  more 
able  to  resist  erosion. 

The  transported  soils  are  also  divided  into  two  areas: 
1st,  the  broad  low  flat  bottoms,  having  an  altitude  less 
than  400  feet  above  sea  level,  a«d  2d,  the  narrow  bot- 
toms extending  into  the  dissected  region  having  an  alti- 
tude greater  than  400  feet.  The  types  are  described  in 
order  as  given  below : 

Sq.  Mi.  Acres.     Per  Cent. 

Yellow  silt  loam  (undulating)  139         88.960        28.1 

Yellow  silt  loam  (hilly)   120  76,800         24.3 

Low  flat  bottom 213  136.320         43.1 

Gray  silt  loam   (bottom)   22         14,080  4.5 


Yellow  Silt  Loam.    (Undulating). 

More  than  one-fourth  of  the  territory  embraced  in  the 
two  quadrangles  comes  under  this  type,  88,960  acres,  or 
28.1  per  cent  of  the  entire  area.  Of  the  139  square  miles, 
76  square  miles  lie  in  the  Madisonville  quadrangle*  and 
63  square  miles  in  the  Central  City. 

The  topography  of  this  type  is  in  the  main  gently 
rolling,  though  some  of  the  lower  areas  are  quite  level. 
This  type  includes  the  low  flat  upland,  the  gently  rolling 
upland  and  tjje  broad  flat  ridges  in  the  rough  area. 

The  surface  soil  is  a  yellowish  or  grayish  silt  loam 
varying  in  depth  from  6  to  10  inches.  It  contains  a  large 
per  cent  of  silt  and  its  capacity  to  hold  moisture  de])ends 
largely  on  the  amount  of  organic  matter  present.  A 
large  proportion  of  this  type  has  been  cultivated  for 
many  years  without  much  effort  on  the  part  of  the  farm- 
ers to  incorporate  vegetable  matter. 

The  subsoil  is  more  reddish  in  color  and  contains 
from  10  to  15  per  cent  more  clay  than  the  surface.  It 
is  rather  compact,  but  is  quite  pervious  to  water. 

The  underlying  rock  is  found  at  a  depth  ranging  from 
12  to  25  feet.  This  gives  good  storage  space  for  under 
ground  water  which  greatly  facilitates  the  water  supply 
of  the  soil. 
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The  following  table  shows  the  results  of  mechanical 
analysis  of  both  the  surface  and  subsoil: 

Mechanical    Analytea   of   the    Yellow   Silt    Loam. 
(Unaulatlng.) 


The  characteristic  growth  on  this  soil  consists  of  the 
different  varieties  of  oaks,  hickory,  beech,  hard  maple, 
sassafras,  persimmon  and  walnut. 

The  principal  crops  grown  are  wheat,  corn,  tobacco 
and  liay.  Cow  peas  arc  grown  very  extensively  for  hay. 
The  yield  of  corn  averages  from  25  to  30  bushels,  tobacco 
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from  1,000  to  1,500  pounds,  and  hay  from  1  to  2  tons. 
Much  of  the  land  in  this  type  has  been  under  cultivation 
from  50  to  75  years.  At  present  from  35  to  50  per  cent 
is  under  cultivation.  For  agricultural  purposes  it  is 
valued  at  from  $15  to  $50  per  acre,  the  price  depending 
on  the  location  and  nature  of  the  soil. 

Yellow  Silt  Loam   (Hilly). 

In  its  origin  this  type  is  very  similar  to  the  yellow 
silt  loam  (undulating),  the  chief  diflference  being  that  of 
topography.  This  type  includes  120  square  miles,  or  24.3 
per  cent  of  the  entire  area,  48  square  miles  being  in 
the  Central  City  quadrangle  and  42  square  miles  in  the 
Madisonville  quadrangle.  The  surface  soil  is  a  yellow 
silt  loam  varying  from  6  to  8  inches  in  depth.  Its  phys- 
ical composition  is  practically  the  same  as  that  of  the 
undulating  type.  The  subsoil  is  somewhat  darker  in 
color  than  the  surface  and  contains  a  larger  per  cent  of 
clay.  The  soil  covering  this  area  is  not  generally  so 
deep  as  that  of  the  undulating  area.  In  places  sand- 
stones lie  near  the  surface  and  are  reached  with  the 
sampling  tube.  Such  samples  of  course  have  a  high 
sand  content. 

The  native  growth  consists  largely  of  oak,  sassafras 
and  persimmon.  Maple,  beech  and  walnut  are  found 
much  less  abundantly  than  in  the  undulating  area.  A 
large  per  cent  of  this  area  has  not  yet  been  cleared,  and 
usually  contains  a  very  poor  growth  of  timber. 

The  same  crops  are  grown  on  this  type  as  are  grown 
on  the  undulating  type,  though  much  smaller  yields  are 
obtained. 

This  land  washes  very  badly  and  after  being  culti- 
vated a  few  years  is  practically  abandoned.  For  agri- 
cultural purposes  it  is  valued  at  from  $5  to  $10  per  acre. 

On  both  of  these  types  Japanese  clover  grows  very 
luxuriantly,  especially  during  seasonable  summers,  and 
is  quite  valuable  for  pasture.  It  is  also  valuable  as  a 
fertilizer  in  restoring  nitrogen  and  vegetable  matter  to 
the  soil. 
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The  Low  Flat  Bottom  Land. 

In  these  two  quadrangles  there  are  213  square  niiles, 
or  43.1  per  cent  of  the  total  area  of  low  flat  bottom  land 
lying  below  the  four  hundred  foot  contour  line. 

The  materials  composing  this  low  flat  land  have  been 
transported  from  areas  along  the  waters  of  the  Green 
river,  Rough  river  and  Pond  river  and  have  been  carried 
in  mainly  by  these  streams.  They  flow  through  the  De- 
vonian, Waverly,  St.  Louis,  Chester,  and  Coal  Measures 
areas,  hence  the  soils  are  largely  an  intermixture  of  ma- 
terials of  wide  and  diversified  origin.  However,  the 
physical  nature  of  the  soils  occupying  a  large  portion 
of  this  area  indicates  that  they  have  been  derived  largely 
from  the  Coal  Measures.  Much  of  the  material  compos- 
ing these  soils  has  been  carried  in  by  the  rivulets  and 
streams  which  drain  the  near-by  upland. 

These  bottoms  are  generally  rather  flat  and  there  are 
a  number  of  low  sandy  areas.  The  largest  swamps  are 
found  in  the  Central  City  quadrangle,  in  the  bottom 
north  of  Central  City  in  Muhlenberg  and  McLean  coun- 
ties. These  swamps  receive  their  water  from  the  small 
streams  and  from  the  oveiflow  of  the  rivers.  Practi- 
cally all  this  area  has  very  poor  natural  drainage.  During 
high  water  practically  the  entire  area  is  submerged  and 
even  during  dry  summers  the  water  table  remains  near 
the  surface. 

The  Soils. 

The  soils  of  the  bottom  land  are  more  diversified  in 
their  physical  nature  than  those  of  the  upland.  Over  a 
large  portion  of  the  area  they  vary  from  a  fine  sand  to 
a  fine  sandy  loam.  In  these  phases  the  surface  has  a 
rather  ashy  gray  color.  The  gray  color  is  no  doubt  due 
to  the  leaching  these  soils  have  undergone. 

They  are  usually  underlain  with  a  light  gray,  fine, 
sandy  subsoil.  These  phases  of  soil  usually  lie  back  from 
the  river  in  the  vicinity  of  the  upland.  However,  in  some 
places  they  are  found  near  the  river. 

Along  the  large  streams  soils  varying  from  sandy 
loams  to  clay  loams  are  often  found.  Along  Rough 
creek  in  Ohio  county  there  is  a  large  area  occupied  by  a 
brownish   clay  loam.     Similar   areas   are   found   along 
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both  Pond  and  Green  rivers.  They  are  usually  under- 
lain with  a  clay  loam.  These  clay  loams  are  usually  rich 
in  organic  matter.  Along  the  large  streams  where  the 
bottoms  are  not  so  wide  the  sandy  soils  usually  lie  near 
the  river  and  the  heavier  or  loamy  soils  lie  near  the 
bluff  or  upland. 

The  different  varieties  of  oak,  the  common  beech, 
water  beech,  sweet  gum,  black  gum,  elm,  hickory,  etc., 
represent  the  characteristic  vegetation  of  the  bottom 
land.  The  larger  portion  of  this  area  yet  remains  in 
timber,  though  of  an  inferior  quality,  the  best  having 
already  been  cut. 

At  present  only  a  small  proportion  is  under  cultiva- 
tion. The  cultivated  areas  usually  lie  near  the  streams 
or  in  the  vicinity  of  the  upland.  The  large  proportion 
of  this  area  as  it  now  exists  is  practically  worthless  for 
agricultural  purposes.  By  introducing  the  proper  sys- 
tem of  artificial  drainage  practically  all  this  land  can  be 
reclaimed.  From  the  lowest  to  the  highest  points  there 
is  a  difference  of  40  feet,  which  will  give  ample  fall  for 
a  system  of  drainage. 

The  fact  that  this  land  overflows  practically  every 
spring  will  render  it  even  when  drained,  fit  for  only 
summer  crops,  such  as  corn,  potatoes,  cow  peas,  etc. 

A  farmer  on  Rough  river  bottom  in  Ohio  county 
claims  during  favorable  seasons  without  drainage  to 
have  produced  75  bushels  of  corn  per  acre.  If  this  is 
true  when  this  land  is  undrained,  it  should  be  made  to 
produce  100  bushels  when  drained. 

Gray  Silt  Loam  (Bottom). 

This  type  includes  the  bottom  lying  above  the  four 
hundred  feet  contour  line.  It  includes  mainly  the  nar- 
row bottoms  extending  into  the  more  dissected  areas. 
There  are  in  both  quadrangles  22  square  miles,  18  lying 
in  the  Central  City  and  4  in  the  Madisonville. 

They  have  been  transported  almost  entirely  from  the 
near-by  upland.  The  soils  of  these  bottoms  are  in  the 
main  a  yellow  or  gray  silt  loam.  They  are  usually  deep 
and  the  subsoil  often  does  not  differ  greatly  from  that 
of  the  surface  unless  in  the  wider  bottoms  where  the 
drainage  is  poor,  in  which  case  both  the  surface  and 
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subsoil  are  gray  in  color.  Generally  the  natural  drain- 
age is  fairly  good  in  the  narrow  bottoms.  However,  in 
the  wider,  artificial  drainage  would  no  doubt  be  bene- 
ficial. 

A  large  portion  of  this  type  is  under  cultivation,  com 
and  hay  being  the  main  crops  grown. 
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A  PRACTICAL  WAY  TO  SUPPLY  PLANT  FOOD 

TO  OUR  SOILS. 

BY  S.  C.  JONES. 


Of  the  eighty  known  chemical  elements  entering  into 
the  composition  of  the  earth  and  atmosphere  only  ten 
are  essential  to  the  life  and  growth  of  plants.  These  ten 
are  carbon,  oxygen,  hydrogen,  sulphur,  iron,  calcium, 
magnesium,  potassium,  nitrogen  and  phosphorus.  Other 
elements  are  taken  up  by  plants,  such  as  silicon,  sodium, 
chlorine,  etc.,  but  are  not  essential  to  their  life  and 
growth. 

By  elements  here  is  meant  simply  the  constituent 
parts  of  the  soil  and  atmosphere  that  compose  the  food 
of  plants. 

Carbon  and  oxygen  are  taken  into  the  leaves  of  plants 
from  the  air  as  carbon  dioxide,  while  hydrogen,  a  con- 
stituent of  water,  is  absorbed  through  their  roots.  The 
other  seven  elements,  with  the  exception  of  nitrogen, 
have  their  source  only  from  the  soil,  unless  supplied 
artificially  as  manure  or  commercial  fertilizers. 

Though  the  atmosphere  over  every  square  inch  of 
soil  contains  about  12  pounds  of  nitrogen,  such  crops  as 
wheat,  corn,  tobacco,  potatoes,  in  fact,  all  crops  except 
*  legumes"  (clover,  peas,  beans,  alfalfa,  etc.),  have  ac- 
cess only  to  the  small  portion  that  exist  in  the  organic 
matter  of  the  soil. 

Of  the  six  elements,  sulphur,  iron,  calcium,  magne- 
sium, potassium  and  phosphorus,  the  first  four  named 
occur  in  all  soils  in  relatively  large  proportions  and 
enter  into  the  composition  of  plants  in  relatively  small 
proportions,  while  potassium  and  phosphorus  occur  in 
soils  in  relatively  small  proportions  and  enter  into 
plants  in  relatively  large  proportions.  This  is  especially 
true  of  the  element  phosphorus. 

From  the  facts  stated  above  it  is  plain  to  be  seen 
that  the  question  of  supplying  plant  food  resolves  itself 
into  the  three  elements,  nitrogen,  phosphorus,  and  potas- 
sium. 


1134  First  Annual  Report 

In  an  acre  seven  inches  deep  there  is  approximately 
two  million  pounds  of  soil.  Figuring  on  this  basis  the 
average  of  24  samples  of  soil  recently  taken  from  dif- 
ferent sections  of  the  State  show  a  total  of  20,960  pounds 
of  potassium,  678  pounds  of  phosphorus,  and  1,509 
pounds  of  nitrogen.  While  the  majority  of  these  sam- 
ples were  taken  from  the  poorest  soil  areas  in  the  State 
and  are  no  doubt  below  the  average,  the  relative  propor- 
tion will  in  all  probability  remain  about  the  same. 

A  fifty  bushel  crop  of  corn  (stalks  and  grain)  will 
take  from  an  acre,  35  pounds  of  potassium,  75  pounds  of 
nitrogen,  and  liy^  pounds  of  phosphorus.  If  it  were 
possible  to  grow"  such  crops  every  year  until  the  plant 
food  of  this  soil  is  exhausted  there  is  enough  potassium 
to  last  598  years,  enough  phosphorus  to  last  59  years, 
and  only  enough  nitrogen  to  last  20  years.  This  w^ould 
seem  to  indicate  that  for  corn  on  our  average  soils  nitro- 
gen is  the  limiting  element.  This  is  no  doubt  true  on  a 
large  proportion  of  farms  in  the  State,  not  only  for  corn, 
but  for  all  grain  crops ;  however,  there  are  some  soils  in 
w^hich  phosphorus  will  give  a  larger  increase  than  nitro- 
gen even  in  grain  crops.  This  depends  on  w^hether  they 
have  been  cropped  continuously  wnth  grain  crops  or 
w^hether  systems  of  rotation  have  been  employed  in 
which  nitrogen  has  been  added  by  growing  legumes.  In 
this  case  phosphorus  would  be  the  limiting  element. 

The  elements  of  plant  food  in  a  soil  exists  in  the  com- 
pound, that  is  in  the  combination  wdth  other  elements, 
and  onlv  a  fraction  is  available  at  any  one  time.  The 
amount  that  is  available  depends  upon  the  physical  na- 
ture of  the  soil,  that  is,  w^hether  it  is  porous  and  open, 
or  close  and  compact,  whether  well  drained  and  upon  the 
amount  of  vegetable  matter  it  contains.  Also  the  form 
in  which  the  inert  or  unavailable  plant  food  exists.  If, 
for  instance,  the  phosphorus  exists  in  combination  with 
iron  and  aluminum  it  is  only  slow^ly  made  available,  even 
under  favorable  conditions,  w^hile  if  it  exist  in  the  form 
of  lime  or  calcium  phosphate  it  is  quite  readily  made 
available  under  favorable  conditions.  Such  conditions 
of  course  exist  in  open  soils  well  drained  and  rich  in 
vegetable  matter. 

In  determining  the  available  plant  food  the  chemists 
of  the  Kentucky  Station  use  w^hat  is  know^n  as  a  fifth- 
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normal  nitric  acid  solution.  This  is  a  weak  acid  solu- 
tion and  is  supposed  to  extract  from  a  soil  about  the 
amount  of  potassium  and  phosphorus  that  is  available 
to  the  plant.  This  amount  is  not  always  in  proportion 
to  the  total  amount  that  occurs  in  a  soil.  A  soil  rich  in 
total  plant  food  may  have  only  a  small  amount  of  avail- 
able plant  food  ,  while  one  that  is  poor  in  total  plant 
food  may  have  a  large  amount  of  available  plant  food. 

This  may  be  very  well  illustrated  by  giving  the 
amount  of  total  and  available  plant  food  determined  for 
two  lots  of  soils  taken  from  two  areas  in  Taylor  county, 
in  the  soil  investigations  now  being  carried  on  in  co- 
operation by  the  State  Geological  Survey  and  the  Agri- 
cultural Experiment  Station,  results  as  obtained  by  the 
fertility  chemist  and  as  obtained  in  pot  culture  experi- 
ments being  given  in  comparison.  One  of  these  soils,  a 
red  loam,  was  derived  from  rocks  that  belong  to  that  por- 
tion of  the  Subcarboniferous  known  as  the  Waverly  for- 
mation, while  the  other,  a  gray,  fine,  sandy  loam,  was 
derived  from  the  mantle  which  overlies  rocks  of  the  St. 
Louis  formation. 

Figuring  on  the  basis  of  two  million  pounds  of  soil 
to  the  cicre,  the  red  clay  loam  contains  a  total  of  21,590 
pounds  of  potassium,  2,280  pounds  of  nitrogen  and  1,040 
pounds  of  phosphorus.  This  soil  contains  410  pounds 
of  available  potassium  and  12  pounds  of  available  phos- 
phorus. The  gray,  fine,  sandy  loam  contains  a  total  of 
18,870  pounds  of  potassium,  1,440  pounds  of  nitrogen, 
and  499  pounds  of  phosphorus.  This  soil  contains  556 
pounds  of  available  potassium  and  18  pounds  of  avail- 
able phosphorus.  The  soil  containing  the  smaller  amount 
of  total  potassium  and  phosphorus  has  the  larger  amount 
of  available. 

Pot  culture  experiments  were  carried  on  with  these 
soils  in  the  soil  fertility  green  house  at  the  Experiment 
Station.  Check  pots,  that  is  pots  having  no  treatment, 
were  kept,  along  with  those  having  the  different  combi- 
nations of  plant  food  (as  nitrogen,  phos.,  nitrogen  and 
phos.,  and  so  on).  Nitrogen  was  added  in  the  form  of 
dried  blood,  potassium  in  the  form  of  potassium  sul- 
phate, and  phosphorus  in  the  form  of  Banner  dissolved 
bone,  which  is  a  very  available  form  of  phosphate  of 
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lime,  without  nitrogen  or  acid,  and  also  in  the  form  of 
finely  ground  rock  phosphate. 

Oats  were  grown  in  the  pots  and  weighings  were 
made  of  the  mature  grain  from  each  pot. 

Phosphorus  added  to  the  red  loam  soil  in  the  form 
of  Banner  dissolved  bone  gave  an  increase  of  15  per 
cent  over  the  pots  having  no  treatment,  while  in  the  form 
of  ground  rock  phosphate  it  gave  an  increase  of  22  per 
cent.  Dried  blood  gave  an  increase  of  50  per  cent,  while 
potassium  sulphate  gave  a  decrease  of  17  per  cent.  Fig- 
uring the  results  for  the  elements  when  used  in  combi- 
nation, nitrogen  gave  an  increase  of  82  per  cent,  phos- 
phorus an  increase  of  66  per  cent,  and  potassium  a  de- 
crease of  14  per  cent. 

Phosphorus  added  to  the  gray,  fine,  sandy  loam  in  the 
form  of  Banner  dissolved  bone  gave  an  increase  of  6  per 
cent,  but  when  added  in  the  form  of  finely  ground  rock 
phosphate  it  gave  an  increase  of  12  per  cent.  Dried 
blood  gave  an  increase  of  18  per  cen^  and  potassium 
sulphate  gave  an  increase  of  3  per  cent.  Figuring  the 
results  for  the  elements  when  used  in  combination,  nitro- 
gen gave  an  increase  of  16  per  cent,  phosphorus  an  in- 
crease of  6  per  cent,  and  potassium  a  decrease  of  5  per 
cent. 

Both  of  these  soils  are  rich  in  both  total  and  avail- 
able potassium  and  the  results  obtained  in  the  pot  cul- 
ture experiments  indicate  that  potassium  is  not  needed 
in  the  fertilizer.  The  results  further  indicate  that  nitro- 
gen is  the  limiting  element  in  both  soils.  While  the  red 
loam  has  more  than  twice  as  much  total  phosphorus  as 
the  gray,  fine,  sandy  loam,  it  has  only  two-thirds  as  much 
available.  This  is  no  doubt  the  reason  for  phosphorus 
giving  much  better  results  in  this  soil  than  it  gave  in 
the  gray,  fine,  sandy  loam. 

When  phosphorus  was  supplied  alone  in  the  form  of 
Banner  dissolved  bone  the  plants  made  a  very  rank 
growth  at  first,  but  later  turned  yellow  and  growth  was 
arrested,  but  when  the  finely  ground  rock  phosphate  was 
supplied,  the  plants  remained  green  and  growth  proceed- 
ed slowly  during  the  whole  growing  period.  This  perhaps 
accounts  for  the  finely  ground  rock  phosphate  giving 
better  results  than  Banner  dissolved  bone.  In  four 
other  soils  available  phosphorus  w^as  compared  with  the 
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finely  ground  rock  phosphate  and  in  three  of  these  rock 
phosphate  gave  the  best  results.  The  soil  in  which  the 
available  phosphorus  gave  the  best  results  was  quite 
rich  in  nitrogen.  To  this  fact  the  result  may  have  been 
due. 

Similar  tests  have  been  made  with  soils  taken  from 
diflferent  sections  of  the  State  outside  the  Blue  Grass 
region  proper.  In  five  out  of  eight  phosphorus  gave  bet- 
ter results  than  nitrogen;  in  two  out  of  four  with  oats; 
in  two  out  of  three  with  wheat,  and  in  one  with  tobacco. 

In  four  out  of  eight  tests  with  potassium,  compared 
with  no  treatment  a  decrease  in  yield  was  obtained.  The 
most  marked  increase  was  obtained  when  both  phospho- 
rus and  nitrogen  were  used  together. 

It  is  doubtful,  because  of  the  diflferent  conditions  ex- 
isting, whether  results  obtained  in  the  field  on  these  soils 
would  be  identical  with  those  obtained  in  the  pots.  How- 
ever, they  would  no  doubt  agree  in  a  general  way;  and 
are  really  significant  in  determining  the  needs  of  these 
soils. 

The  results  pointed  out  above  indicate  that  for  gen- 
eral farm  practice  in  which  such  crops  as  corn,  wheat, 
oats  and  tobacco  are  grown,  a  profit  may  be  obtained 
from  an  increase  in  the  nitrogen  and  phosphorus  content 
in  the  average  soils  of  the  State. 

Now  the  question  arises  how  can  these  deficient  ele- 
ments be  supplied  at  a  maximum  of  service  and  a  mini- 
mum of  cost? 

Commercial  nitrogen  in  the  form  of  dried  blood  or 
sodium  nitrate  costs  15  to  20  cents  a  pound.  Fifty 
bushels  of  com  takes  from  an  acre  of  soil  75  pounds  of 
nitrogen.  It  is  evident  from  these  facts  that  the  farmer 
can  not  aflford  to  buy  commercial  nitrogen  for  his  com 
crop.  This  is  true  for  all  farm  crops.  These  crops  must 
have  nitrogen.    How  is  it  to  be  obtained? 

It  was  stated  above  that  the  atmosphere  over  every 
square  inch  of  soil  contains  about  12  pounds  of  nitrogen. 
There  is  formed  on  the  roots  of  legumes  (Peas,  beans, 
clover,  alfalfa,  etc.),  small  nodules  that  are  inhabited  by 
very  small  beings  called  bacteria.  These  bacteria  ex- 
tract nitrogen  from  the  atmosphere  as  it  circulates 
through  the  soil.  By  adopting  a  system  of  rotation  in 
which  legumes  ar^  grown  and  fed  as  hay  and  the  manure 
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returned  to  the  soil,  or  by  turning  under  directly  as 
green  crops,  and  as  catch  crops,  it  is  estimated  that 
nitrogen  may  be  added  to  a  soil  for  from  2  to  4  cents  per 
pound.  At  the  same  time  large  quantities  of  vegetable 
matter  is  added,  which  in  most  soils  is  very  badly  needed. 
The  decay  of  this  vegetable  matter  will  furnish  organic 
acids  which  will  render  available  potassium  from  the 
large  store  that  exist  in  Kentucky  soils.  It  will  also  ren- 
der available  the  inert  phosphorus. 

Finally,  the  source  of  ])liosphorus  is  to  be  considered. 
It  does  not  exist  in  the  atmosphere  and  must  come  from 
some  outside  source.  In  the  form  of  acid  phosphate  and 
steamed  bone  meal  it  will  cost  from  12  to  15  cents  per 
pound.  In  commercial  fertilizers  the  average  farmer 
pays  from  15  to  20  cents  per  pound.  In  the  finely  ground 
rock  phosphate  it  can  be  purchased  for  from  3  to  4  cents 
per  pound. 

It  has  been  argued  that  it  is  better  to  use  the  acid 
phosphate  because  it  is  readily  available.  But  is  it  not 
much  cheaper  for  the  farmer  to  use  the  cheapest  forai  of 
phosphate  and  make  it  available  by  turning  under  or- 
ganic matter,  as  green  crops  and  manure!  This  is  na- 
ture's way  of  making  available  the  phosphates  of  the 
soil  which  exist  in  the  same  form  as  rock  phosphate. 

There  is  spent  annually  by  the  fanners  in  Kentucky 
one  and  a  quarter  million  dollars  for  commercial  fertil- 
izers. If  one-half  of  this  money  were  expended  for  finely 
ground  rock  phosphate  and  the  other  half  for  supplying 
vegetable  matter  and  nitrogen,  the  soils  of  Kentucky 
could  be  made  to  yield  much  larger  crops  than  they  now 
yield,  and  at  the  same  time  become  richer  in  plant  food 
instead  of  poorer  as  is  now  the  case  where  commercial 
fertilizers  are  used. 
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SOILS    OF    MEADE    AND    BRECKINRIDGE 

BY 

S.  C.  Jones. 


These  counties  lie  in  the  northwestern  part  of  the 
State  on  the  Ohio  River  within  parallels  38°  15'  and  37° 
40'  W.  longitude  and  87°  20'  and  86°  N.  latitude. 

These  counties  have  very  poor  roads,  in  spite  of  the 
fact  that  in  a  large  portion  of  the  area  there  is  an  abun- 
dance of  road  making  material  close  at  hand.  At  pres- 
ent there  is  only  about  10  miles  of  hard  road  in  the  two 
counties.  By  building  good  roads  land  would  be  made  to 
enhance  in  value  and  farming  would  become  more  inten- 
sive and  profitable.  At  present  farming  is  the  chief  in- 
dustry. The  many  large  and  poorly  cared  for  orchards 
are  evidence  that  formerly  fruit  growing  was  an  impor- 
tant industry.  With  proper  care  of  these  orchards,  and 
with  devices  for  spraying,  it  should  still  be  made  one  of 
the  most  profitable  phases  of  agriculture. 

Geology. 

The  Chester  and  St.  Louis  are  the  predominating 
areas  and  constitute  more  than  nine-tenths  of  the  total 
area  contained  in  the  two  counties.  From  the  standpoint 
of  territory  the  other  farm  areas  are  of  minor  im- 
portance. 

The  Chester  and  St.  Louis  are  known  locally  as  the 
*^  sandstone''  and  *  limestone"  areas,  though  each  con- 
tains within  itself  quite  diversified  geology.  This  is  es- 
pecially true  of  the  Chester  group.  The  area  represent- 
ing this  group  is  made  up  of  a  series  of  sandstones,  al- 
ternating with  limestone  and  clays  which  are  sometimes 
locally  known  as  marls. 

In  some  places  the  sandstones  are  very  massive,  hav- 
ing a  thickness  of  from  50  to  75  feet,  generally,  however, 
much  less. 
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The  area  comprising  the  Chester  group  occupies  the 
greater  portion  of  Breckinridge  county  and  a  large  por- 
tion of  Western  Meade. 

The  St.  Louis  or  limestone  area  occupies  almost  the 
entire  eastern  two-thirds  of  Meade  county  and  extends 
over  into  Breckinridge  county  in  the  vicinity  of  Irving- 
ton,  Webster  and  Rosetta  and  is  found  along  many  of  the 
streams  in  the  Chester  area  of  both  counties. 

Generalt  Topography. 

The  general  topography  of  these  two  counties  is 
rather  diversified,  the  altitude  varying  from  375  feet  to 
almost  825  feet,  a  difference  of  450  feet  from  the  lowest 
to  the  highest  points. 

The  Chester  group  occupies  the  highest  altitude  and 
contains  many  high  hills  and  many  small  level  planes. 
Along  the  streams  the  country  is  badly  broken  and  in 
many  localities  splendid  exposures  of  the  different  di- 
visions of  this  group  are  furnished. 

The  limestone  area  taken  as  a  whole  has  a  more  level 
topography  than  the  Chester;  however,  the  numerous 
depressions  or  sink  holes  contained  mtliin  this  area,  give 
it  a  very  irregular  and  broken  surface. 

Drainage. 

In  the  geological  areas  comprising  these  two  coun- 
ties there  are  two  systems  of  drainage,  viz.,  surface  and 
underground.  The  Chester  area  is  traversed  by  many 
streams  and  has  surface  drainage,  while  the  St.  Louis 
area  has  but  few  streams  and  is  drained  mainly  by 
underground  chnnels.  There  are  large  areas  in  this  for- 
mation where  no  streams  are  found. 

Soils. 

The  soils  in  Breckinridge  and  Meade  counties  are 
rather  diversified,  though  in  a  general  way  are  included 
mainly  in  two  great  areas.  One  the  sandstone  area  of 
the  Chester  group  and  the  other  the  limestone  area  of 
the  St.  Louis.  Of  course  the  other  geological  formations, 
the  river  alluvium  or  bottom  land  and  coal  measures 
form  other  minor  areas. 

In  ihe  Chester  series  of  rocks  the  several  alternating 
sandstones,  limestones  and  clays  furnish  the  surface  ex- 
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posures  in  the  diflferent  parts  of  the  country.  These  ex- 
posures are  very  local  and  in  many  places  involve  only 
small  areas,  especially  when  the  limestones  and  clays  are 
exposed,  while  some  of  the  areas  of  the  Chester  sand- 
stones are  of  considerable  size. 

This  region  is  badly  cut  up  by  the  streams  and  conse- 
quently is  very  rugged  and  hilly  with  usually  broad 
flat  ridges.  The  soil  of  these  broad  ridges  almost  in- 
variably rest  on  and  is  derived  mainly  from  a  sandstone 
of  the  Chester  series.  They  are  very  fine  grained  and  are 
very  similar  in  character  and  give  rise  to  soils  of  the 
same  color  and  physical  nature  having  the  same  togo- 
graphy,  native  growth,  etc.  In  places  the  broad  ridges 
lying  within  these  sandstone  areas  are  very  flat  and  con- 
tain a  number  of  square  miles  of  territory.  Such  an  area 
is  found  at  Garfield  and  Hardinsburg  and  extending 
along  the  railroad  between  these  two  places.  Many  other 
level  areas  are  found  between  the  streams  in  different 
localities.  These  areas  are  usually  flat,  but  not  so  large 
as  to  interfere  with  natural  drainage. 

These  sandstones  give  rise  to  a  rather  uniform  type 
of  soil.  The  surface  from  0"-6"  or  8"  varies  from  a  gray 
to  a  light  brown  fine  sandy  loam.  The  soil  is  very  loose, 
though  it  usually  contains  a  very  low  content  of  organic 
matter  and  has  a  rather  poor  capacity  for  holding  mois- 
ture. 

The  sub-soil  is  a  yellow  fine  sandy  material  con- 
taining a  fair  per  cent  of  clay.  At  a  depth  of  from  24" 
to  30"  it  becomes  quite  plastic  in  places.  The  sandstones 
underlying  these  soils  occur  at  a  depth  varying  from  6 
to  15  feet. 

The  hills  and  bluffs  along  the  streams  surrounding 
these  flat  areas  afford  the  diversified  soils.  A  single  hill 
may  have  exposed  two  or  more  sandstones  with  an  equal 
number  of  limestones  alternating  which  of  course  give 
rise  to  very  local  soil  areas.  Usually  because  of  being 
so  small  and  because  of  occupying  such  an  unfavorable 
topography  these  areas  are  of  but  little  value  from  the 
standpoint  of  cultivation. 

Even  those  soils  that  are  derived  from  the  limestone 
and  clays  receive  so  much  sand  from  the  alternating 
sandstones  that  the  surface  soil  is  very  similar  to  the 
soils  of  the  broad  flat  sandstone  areas. 
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The  surface  from  0"  to  6"  or  8"  varies  from  a  light 
yellow  clay  loam  or  loam  to  a  light  yellow  fine  sandy 
loam.  The  subsoil  varies  from  a  yellow  clay  to  a  yellow 
clay  loam. 

Following  are  physical  analyses  of  Chester  and  St. 
Louis  soils : 

Physical  Analyses  of  Soils  from  Chester  and  St.  Louis  Areas. 
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The  Chester  and  St.  Louis  surface  soils  are  nearly 
the  same  in  the  mechanical  analyses.  The  St.  Louis  sub- 
soil, however,  is  more  clayey  than  that  of  the  Chester 
and  both  subsoils  are  more  clayey  than  the  top  soils. 

SOILS  OF  THE  LIMESTONE  AREA. 

The  St.  Louis  rocks  form  the  predominating  soil 
area  in  the  limestone  region.  It  is  a  fine  grained  lime- 
stone, containing  considerable  cherty  material  and  has  a 
total  thickness  of  some  five  hundred  feet.  It  is  safe  to 
say  that  the  soils  covering  eight-tenths  of  the  limestone 
area  are  formed  from  the  St.  Louis  limestone. 

The  numerous  depressions  or  sink  holes  in  the  St. 
Louis  area  give  it  a  rolling  topography,  though  in  places 
there  are  large  tracts  of  land  that  lie  quite  level. 

The  soils  like  those  of  all  the  uplands  in  this  portion 
of  the  State  are  mainly  residual.  However,  there  are 
evidences  of  loess  or  transported  materials  in  localities 
near  the  Ohio  river.  This  is  true  in  both  the  limestone 
and  sandstone  areas.  In  places  Tertiary  or  recent  gravel 
is  found  on  the  ridges  near  the  river  that  underlie  in 
some  instances  deep  deposits  of  what  resemble  very  much 
loess  or  wind  blown  soils. 

The  surface  from  0''-6"  or  8"  of  this  St.  Louis  soil 
varies  from  yellowish  or  reddish  loam  to  yellowish  or 
reddish  fine  sandy  loam.  In  places  more  or  less  chert  is 
found,  especially  when  the  soils  lie  low  down  in  the  for- 
mation. 

The  subsoil  is  a  reddish  clay  loam  or  loam  usually 
becoming  more  clayey  with  depth.  In  places  the  surface 
soil  is  underlain  with  practically  a  bed  of  chert.  The 
country  along  the  railroad  between  Brandenburg  and 
Irvington  is  in  many  places  underlain  with  it.  This  ma- 
terial breaks  up  capillary  action  and  consequently  a  very 
short  drought  checks  the  growth  of  crops. 

The  Keokuk  area  is  of  but  little  significance  from 
the  standpoint  of  soils  since  merely  a  narrow  strip  of  the 
limestone  is  exposed  along  Otter  creek  from  Garnetts- 
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ville  to  the  mouth  and  also  along  Potter's  Creek  for  a 
short  distance. 

The  small  coal  measures  area  in  the  southwestern 
part  of  Breckinridge  county  contains  soils  very  typical 
of  the  coal  field.  It  is  derived  from  loosely  cemented 
coarse  grained  sandstone  and  varies  from  a  yellow 
sandy  loam  to  a  sand.    This  area  has  a  hilly  topography. 

There  is  but  little  bottom  land  along  the  small 
streams  in  these  two  counties.  However,  along  the  Ohio 
River  there  is  some  10  or  12  square  miles  of  alluvial 
soil.  Like  all  river  bottom  soils  they  vary  considerably 
in  their  nature.  Near  the  river,  sands  and  sandy  loams 
are  found  while  those  near  the  hills  or  bluflfs  are  loams 
and  clav  loams. 

The  native  growth  of  the  sandstone  and  limestone 
areas  is  very  similar.  Both  areas  contain  vegetation 
characteristic  of  poor  land.  In  these  areas  the  red  oak, 
black  oak,  white  oak,  post  oak,  hickory,  persimmon,  sas- 
safras, and  occasionally  walnut,  beech,  poplar,  and 
maple  are  found.  On  the  flats  in  the  Chester  sandstone 
mainly  the  different  varieties  of  oaks  are  found,  while 
on  the  hillsides  beech,  maple  and  walnut  are  more  often 
common. 

Timber. 

In  Meade  county  there  is  only  about  13,000  acres  of 
timber  or  about  6Vi>  per  cent  of  the  total  area  in  the 
county,  while  in  Breckenridge  there  is  about  68,000  acres 
ir  about  20  per  cent  of  the  total  area.  Of  course  in  these 
areas  the  best  timber  has  been  cut  and  that  which  re- 
mains is  an  inferior  grade. 

Crops. 

Corn,  wheat,  tobacco,  and  hay  are  the  principal  crops 
grown  in  these  counties.  The  average  yield  of  com  per 
acre  in  Meade  county  in  1908  was  20.4  bushels ;  of  wheat 
9.3  bushels;  tobacco  722  pounds,  and  hay  .67  tons. 

The  average  yield  of  corn  per  acre  in  Breckinridge 
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county  for  1908  was  17.2  bushels ;  wheat  9.1  bushels ;  to- 
bacco 721  pounds,  and  hay  .56  tons.  The  yields  point  to 
the  fact  that  either  these  soils  are  deficient  in  plant  food 
or  that  very  poor  systems  of  farming  are  employed.  The 
real  gist  of  the  matter  is  that  both  these  facts  are  true. 

The  fact  that  the  former  is  true  is  confirmed  by  a 
chemical  analysis  of  the  soils,  which  shows  that  they  are 
extremely  deficient  in  the  elements  nitrogen  and  phos- 
phorus. But  few  soil  areas  are  to  be  found  with  a  lower 
content  of  these  elements. 

The  fact  that  the  latter  is  true,  one  may  decide  for 
himself  if  he  will  only  observe  and  study  the  system  of 
farming  now  employed  in  these  two  counties. 

Chemical  Analyses  of  the  Soils. 

So  far  the  chemical  analyses  of  the  soils  of  these  two 
counties  are  incomplete.  The  total  phosphoric  acid, 
total  nitrogen  and  amount  of  lime  required  to  neutralize 
the  acidity  by  the  Hopkins  method,  have  been  determined 
in  124  samples  collected  by  the  survey  in  1907. 

The  total  potassium  which  of  course  will  furnish 
valuable  information  has  not  yet  been  determined  in 
these  samples.  Again  when  work  on  the  available  plant 
food  has  been  done  further  valuable  information  will  be 
furnished.  A  study  of  the  results  that  have  been  ob- 
tained points  out  many  interesting  facts  concerning  the 
soils  of  these  two  counties. 

Altogether  including  both  surface  and  subsoil,  the 
phosphoric  acid,  nitrogen  and  lime  requirements  have 
been  determined  in  124  samples  that  were  taken  during 
the  summer  of  1907. 

Of  the  124  samples  analyzed  32  were  from  the  sur- 
face and  16  from  the  subsoil  of  the  limestone  area  while 
60  were  from  the  surface  and  16  from  the  subsoil  of  the 
sandstone  or  Chester  area. 
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Below  are  given  the  analyses  of  those  from  the  lime- 
stone area: 
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Below  are   given  the  analyses    of  those  from    the 
sandstone  area: 


Surface 
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.086 

39 

.002 

.064 

.073 

54 

.011 

.055 

.083 

56 

.003 

.068 

.097 

57 

.002 

.066 

.062 

58 

.003 

.078 

.094 

59 

.010 

.088 

.08(r 

63 

.003 

.083 

.070 

64 

.006 

.083 

.100 

66 

.003 

.074 

.119 

67 

.006 

.049 

.093 

68 

.001 

.048 

.099 

69 

.017 

.066 

.095 

70 

.092 

.061 

.086 

71 

.001 

.085 

.075 

73 

.003 

.090 

.121 

75 

.016 

.073 

.079 

76 

.047 

.063 

.073 

77 

.004 

.065 

.117 

78 

.002 

.088 

.134 

80 

.002 

.080 

.095 

81 

.003 

.078 

.104 

82 

.001 

.081 

.081 

83 

.002 

.096 

.097 

85 

.002 

.025 

.107 

86 

.001 

.103 

.125 

87 

.001 

.031 

.093 

89 

.001 

.080 

.098 

91 

.003 

.089 

.073 

92 

.045 

.080 

.111 

93 

.001 

.080 

.101! 

95 

.003 

.083 

.101 

97 

.004 

.070 

.070 

98 

.001 

.073 

.077 

99 

.003 

.079 

.123 

100 

.003 

.089 

.117 

102 

.002 

.060 

.112 

34 
37 
55 


65 


72 
74 


84 


88 
90 


94 
96 


101 


Sub-soil 


.013 
.024 
.168 


.083 


.130 
.076 


.002 


.002 
.002 


.053 
.035 


.006 


.071 
.063 
.053 


.061 


.068 
.080 


.080 


.064 
.069 


.066 
.065 


.060 


.044 
.044 
.035 


.132 


.039 
.064 


.074 


.045 
.058 


.046 
.057 


.057 
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Surface 

Sub-soil 

Sample 
No. 

CaO 

P>  06 

N. 

Sample 
No. 

CaO 

P«  06 

N. 

103 

.003 

.073 

.095 

104 

.011 

.059 

.070 

105 

.003 

.074 

.087 

106 

.003 

.089 

.112 

107 

.001 

.080 

.114 

108 

.001 

.065 

.099 

109 

.034 

.054 

.053 

110 

.002 

.049 

.111 

111 

.003 

.070 

.082 

112 

.001 

.096 

.092 

113 

.031 

.059 

.068 

114 

.002 

.065 

.105 

115 

.002 

.072 

.079 

116 

.063 

.067 

.049 

117 

.003 

.102 

.111 

118 

.003 

.100 

.114 

119 

.015 

.074 

.091 

120 

.003 

.071 

.084 

122 

.009 

.066 

.060 

123 

.003 

.065 

.098 

124 

.003 

.063 

.103 

125 

.000 

.103 

.098 

127 

.001 

.084 

.140 

128 

.002 

.086 

.093 

.339 

4.454 

5.780 

.702 

1.073 

.950 

Av'ge 

.006 

0.742 

.096 

Av'ge 

.044 

.067 

.059 

It  will  be  seen  that  the  diflFereiit  samples  of  soils 
from  both  areas  vary  considerably  in  the  percentages  of 
phosphoric  acid  and  nitrogen  they  contain  and  also  in 
the  amount  of  lime  required  to  neutralize  tlie  acid. 

The  total  averages  of  the  many  samples  analyzed 
from  the  surface  and  subsoil  of  these  two  areas  bring 
out  many  interesting  points  as  are  indicated  below. 

Surf  ace.  First  6". 


Acidity  as 
CaO 


Limestone  soil 
Sandstone  soil 


.0104 
.106 


Toul  P>  06 


.0882 
.0742 


ToUl  N. 


.086 
.096 
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Sub-soil. 


Acidity  as 
CaO 

Toul  P«  0» 

ToUl  N. 

Limestone  soil  

.154 
.044 

.066 
.067 

.047 

Sandstone  soil  

.058 

Over  an  acre  to  a  depth  of  seven  inches  there  is  ap- 
proximately two  million  pounds  of  soil.  Figuring  on  this 
basis  it  would  require  208  pounds  of  lime  to  neutralize 
the  acid  contained  in  the  surface  of  the  St.  Louis  or 
limestone  soil,  while  for  the  same  amount  of  subsoil  it 
would  require  3,080  pounds.  The  surface  of  the  Chester 
or  sandstone  soil  would  require  only  12  pounds  of  lime 
to  neutralize  the  acid,  while  the  same  amount  of  subsoil 
would  require  880  pounds.  Figuring  the  phosphorus 
and  nitrogen  to  the  element  on  this  basis  the  surface  of 
the  St.  Louis  contains  758  pounds  of  phosphorus  and  the 
subsoil  567,  while  the  surface  of  the  Chester  contains 
638  pounds  and  the  subsoil  576.  The  surface  of  the  St. 
Louis  soil  contains  1,620  pounds  of  nitrogen  and  the 
subsoil  940,  while  the  surface  of  the  Chester  soil  con- 
tains 1,920  and  the  subsoil  1,160  pounds.  It  is  rather 
diflScult  to  account  for  the  fact  that  the  soil  derived 
from  the  limestone  is  more  acid  than  that  derived  from 
the  sandstone.  Also  that  the  subsoil  should  be  more 
acid  than  the  surface. 

The  fact  that  the  limestone  soil  is  derived  from 
rocks  so  largely  of  animal  origin  may  account  for  it  being 
richer  in  phosphorus  than  the  sandstone.  Again  why 
is  the  subsoil  of  the  Chester  or  sandstone  area  as  rich 
in  phosphorus  as  that  of  the  St.  Louis  or  limestone  area! 
The  phosphorus  is  no  doubt  largely  contained  in  the 
finer  particles  of  a  soil.  The  Chester  soils  being  more 
•sandy  and  porous  than  the  St.  Louis  or  limestone  soils, 
a  larger  proportion  of  the  finer  particles  have  been  car- 
ried down  into  the  subsoil. 

The  fact  that  the  limestone  area  is  more  susceptible 
to  erosion,  that  is,  that  it  undergoes  more  of  a  mechan- 
ical loss  by  soil  washing  than  the  sandstone  area,  espe- 
cially that  portion  of  the  sandstone  area  from  which  the 
samples  were  taken,  may  account  for  the  soil  containing 
less  nitrogen  than  the  soil  of  the  sandstone  area. 
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Pot  Culture  Experiments. 

For  pot  culture  experiments  soils  were  collected 
from  the  Chester  and  St.  Louis  areas  in  Breckinridge 
county  in  August  1909. 

The  soil  from  the  sandstone  area  was  taken  from  a 
field  about  V^  mile  south  of  Garfield.  It  lies  in  the  Gar- 
field sandstone  and  is  typical  of  the  sandstone  area.  The 
field  was  in  corn  and  would  apparently  yield  only  about 
15  bushels  per  acre.  This  land  has  been  under  cultiva- 
tion for  manv  years. 

A  chemical  study  of  this  particular  soil  reveals  the 
following  facts:  Figuring  on  ;the  basis  of  two  million 
pounds  of  soil  to  an  acre  it  requires  only  80  pounds  of 
lime  to  neutralize  the  acid  present.  This  amount  of  soil 
contains  1,600  pounds  of  total  nitrogen,  24,734  pounds  of 
total  potassium  and  752  pounds  of  total  phosphorus.  A 
fifth-normal  nitric  acid  solution  shows  226  pounds  of 
available  potassium  and  only  12.4  pounds  of  available 
phosphorus. 

In  both  the  Chester  and  St.  Louis  soils  two  series 
of  pot  culture  experiments  were  carried  on.  In  each 
series  4-gallon  pots  were  employed  and  15,000  grams  of 
soil  used  in  each  pot. 

On  November  5,  1909,  one  series  of  each  was  planted 
in  clover  and  the  other  in  oats. 

The  following  amounts  of  materials  per  pot  were 
used  to  supply  plant  food : 

To  supply  nitrogen  6.5  grams  of  dried  blood  were 
used.  It  contained  12  per  cent  of  nitrogen.  To  supply 
lime  15  grams  of  ground  Bowling  Green  limestone,  con- 
taining about  98  per  cent  of  calcium  carbonate;  to  supply 
phospliorus  3.8  grams  of  preci])itated  bone  phosi)horus, 
containing  15  per  cent.  P.  or  20  grains  of  Tennessee 
rock  phosphate,  and  to  su])i)ly  potassium  3.2  grams  of 
potassium  suli)hate  were  used.  Where  manure  was  sup- 
plied 35  grams  of  drv  bone  dung  were  used,  containing 
1.51%  X.  .78%  P.  aiui  1.83%  K. 

The  first  crop  of  clover  was  harvested  from  each 
series  April  25,  1910,  and  the  second  June  6,  1910.  The 
vserios  containing  the  oats  were  also  harvested  June  6th. 
The  crops  were  weighed  after  air-drying. 
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The  following  tabulations  contain  the  results  from 
the  Chester  series. 


Clover. 


o 
Z 

o 
a. 


Treatment 


•V 

e 

« 

8 

k. 

u 

(C 

m 

w.    60 

w.   to 

0  e 

O    B 

Ig 

^•s 

>s 

o 

^  3 

e 
O 


334 
335 
336 
337 
338 
339 
340 
341 
342 


None  

Ca  Co,  

N  

P  

P-hCa  C03 

K  

Rock  phosphate 

Manure   

Manure -|- rock  phosphate 


15.2 
14.8 

10.9 
12.1 

.4 

18.0 

3.3 

12.4 

25.3 

10.1 

18.1 

33.0 

17.8 

20.2 

23.2 

8.0 

13.9 

30.8 

15.6 

19.6 

33.4 

18.2 

2.1 

30.8 

15.6 

25.6 

1.2 
1.5 
7.2 
9.3 
3.0 
8.7 
11.2 
14.7 


o 

o 
a. 


Treatment 


• 

0 

Gu 

u 

a. 

• 

hi 

t 

8 

0 

• 

U 

•« 

s 

U 

JS  9 
S  ft. 

i 

s 

M    ^ 

u  *i 

^S. 

J^l 

0 

1% 


&. 


U    hi 

MM      CL 


311 

None   

1 
38.2 

38.7 

46.0 

38.3 

46.6 

62.0 

67.8 

46.0 

82.2 

40.G 

33.9 

37.0 

4.3 
6.5 
9.5 
4.5 
5.4 

14.1 

11.0 
4.8 

10.6 
4.7 
5.0 

10.8 

312 

None    

313 

N  

7.55 

.15 

8.15 

23.55 

29.35 

7.55 

43.75 

2.15 

—4.55 

—1.45 

4.1 

314 

P 

.9 

315 

K  

0  6 

316 

N  P  

8  7 

317 

N  K 

5  6 

318 

P  K  

0  6 

319 

N  P  K 

5.2 

320 

Rock  phosphate   

0.7 

321 

Manure   

04 

322 

Manure  and   rock  phosphate 

5.4 

St.  Louis  Soil. 

The  soil  from  the  St.  Louis  area  was  taken  from 
the  farm  of  W.  G.  Ban:^Iy,  1-4  mile  west  of  Iivington  and 
10  rods  north  of  L.  II.  &  St.  L.  R.  R.  This  land  has  been 
under  cultivation  19  years,  but  has  had  rest  one-third 
of  the  time.  Fertilizers  have  been  used  onlv  two  vears. 
The  area  from  which  the  soil  was  taken  lies  near  the  top 
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of  the  St.  Louis  limestone.  Figuring  on  the  basis  as 
given  above  this  soil  requires  only  20  pounds  of  lime  to 
neutralize  the  acid  contained  in  an  acre  of  7  inches.  In 
an  acre  there  is  1,940  pounds  of  total  nitrogen,  31,042 
pounds  of  total  potassium  and  645  pounds  of  total  phos- 
phorus. The  fifth  normal  acid  solution  shows  425 
pounds  of  available  potassium  and  13.7  pounds  of  phos- 
phorus. 

The  following  tabulations  contain  the  results  ob- 
tained from  the  i>ot  culture  experiments  with  the  lime- 
stone soil. 

Clover. 


• 

Treatment 

Wt.  of  first 
cutting 

0 

-s 

o 

Wt.  of  second 
cutting 

G«in 

343 

None  

26.7 
18.0 
22.6 
30.1 
60.7 
26.0 
25.0 
38.3 
48.5 

18.7 
14.0 
15.0 
22.8 
40.6 
16.3 
25.1 
21.5 
32.2 

344 

Ca  Co,  

—8.7 

—4.1 

3.4 

34.0 

.7 

8.3 

11.6, 

21.8 

— 4.7 

345 

N    

— 3.7 

346 

P  

4.1 

347 

P4-Ca  Co,  

21.9 

348 

K  

2.4 

349 

Rock  'Phosphate 

6.4 

350 

Manure  

2.8 

351 

Manure    and    rock    phosphate 

13.6 

o 
Z 

o 


323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 


Treatment 


P 


■IS- 


None   

N  

P  

K  

N   P 

N   K 

P   K 

N  P  K 

Rock  phosphate  

Manure 

Rock  phosphate -{-manure 


60.0 
73.0 
72.5 
71.5 
121.3 
84.2 
70.4 
150.0 
72.3 
70.0 
63.4 


I. 

u 

O 


la 


o 

a 

E  -^ 
O  a. 


13.0 
12.5 
11.5 
61.3 
24.2 
10.4 
45.0 
12.3 
10.0 
3.4 


10.5 

10.6 

9.9 

9.4 

16.9 

17.0 

11.0 

24.4 

12.8 

9.8 

10.5 


wm 

. 
u 

o 

s 

u 
"  'S. 

H4     CU 


0.1 

—0.6 

—1.1 

6.4 

6.5 

0.5 

13.9 

2.3 

—0.7 

—  .0 
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In  the  first  cutting  of  clover  in  the  Chester  soil 
ground  lim-estone  gave  a  decrease,  while  it  gave  an  in- 
crease in  the  second  cutting.  It  shows  a  decrease  in 
both  cuttings  in  the  St.  Louis  or  limestone  soil. 

The  nitrogen  pots  show  an  increase  in  both  cuttings 
in  the  Chester  soil,  while  it  shows  a  decrease  in  both 
cuttings  of  the  St.  Louis  soil.  The  St.  Louis  soil  con- 
tains 340  pounds  more  nitrogen  to  an  acre  than  the  Ches- 
ter.   In  both  series  with  oats  nitrogen  gives  an  increase. 

Phosphorus  in  every  combination  where  clover  was 
grown  shows  a  very  marked  increase,  while  where  oats 
were  grown  it  shows  a  decrease  in  several  instances. 

In  the  clover  series  potassium  shows  an  increase 
with  the  exception  of  the  first  cutting  in  the  St.  Louis 
soil.  It  also  shows  a  decrease  in  the  yield  of  oats  in  the 
St.  Louis  soil  and  no  increase  in  the  Chester.  In  the 
oats  series  all  combinations  of  the  elements  give  an  in- 
crease except  in  the  yield  of  grain  in  the  Chester  phos- 
phorus and  potassium  combined  show  a  slight  decrease. 

In  the  clover  series  in  every  instance  manure  gives 
an  increase,  while  it  shows  a  decrease  in  several  instan- 
ces in  the  oats. 

Agricultural  Conditions  and  Suggestions  for  Improv- 
ing Them. 

In  many  instances  farmers  try  to  cultivate  too 
much  area,  which  of  course  means  tliat  the  seed  bed  is 
not  properly  prepared  before  seeding  and  after  seed- 
ing too  little  cultivation  and  care  is  given  to  such  crops 
as  corn  and  tobacco,  especially  corn.  For  instance  the 
writer  was  told  of  a  farmer  in  Meade  county  who  was 
trying  to  cultivate  seventy-five  acres  of  corn  with  facili- 
ties and  labor  for  about  twenty-five  acres.  Now  what 
does  this  mean?  It  means  rapid  land  ruin  and  no  profit 
to  the  operator  of  such  a  farm,  because  when  land  is 
poorly  cultivated  it  washes  much  more  than  when  well 
cultivated,  and  the  profit  is  much  less  because  of  the 
low  yield  per  acre  and  the  comparatively  larger  amount 
of  capital  involved  in  the  larger  area. 

geo.  37. 
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Again  very  poor  systems  of  rotation  are  practiced, 
in  fact  with  many  farmers  no  system  is  practiced,  but 
the  land  is  cultivated  over  and  over  again  in  the  same 
crops,  or.  rotated  with  Avild  crops  of  Japanese  clover 
and  weeds. 

The  writer  found  objections  to  growing  stock  peas 
and  beans  in  a  rotation  on  the  hill  land.  The  rea:^on 
given  was  that  these  crops  leave  the  soil  so  loose  that  it 
washes  badly  through  the  fall  and  winter  after  they 
have  been  harvest(Hi.  It  did  not  seem  to  occur  to  them 
that  some  sort  of  small  grain  such  as  rye  should  be  sown 
immediately  after  harvesting  the  i)eas  or  beans.  This 
would  hold  the  soil  together  and  fix  in  organic  form 
much  of  the  nitrates  that  would  otherwise  be  lost  in  the 
drainage  waters,  and  at  the  same  time  would  add  vege- 
table matter  to  the  soil  which  in  this  area  is  so  badly 
needed. 

There  is  a  great  lack  of  knowledge  on  the  part  of 
the  farmer  in  regard  to  purchasing  and  supplying  plant 
food  to  either  soils.  The  writer  found  a  farmer  in  Meade 
county  in  the  Chester  area  who  had  added  100  barrels 
of  lime  to  the  acre  and  400  pounds  of  low  grade  com- 
mercial fertilizer.  His  lime  (ymrchased  from  a  kiln 
near  home)  cost  15  cents  per  barrel  or  $15  per  acre  and 
for  the  400  pounds  of  fertilizer  he  paid  about  $5,  mak- 
ing a  total  of  about  $20  per  acre,  which  was  in  fact  al- 
most as  much  as  the  value  of  the  land.  Even  at  this 
exorbitant  cost  he  claims  to  have  realized  a  fair  profit 
on  the  money  invested.  He  was  practicing  a  system  of 
rotation  in  which  clover  was  being  grown  and  fed  and 
the  manure  returned  to  the  land.  With  a  knowledge  of 
the  y)lant  food  content  of  his  soil,  of  how  plants  feed  and 
of  the  elements  taken  from  the  soil,  and  the  cheapest 
forms  in  which  thev  can  be  added  he  could  no  doubt  ob- 
tain  as  good  results  with  one-third  the  cost.  The  in- 
stance cited  above  is  an  exception  rather  than  a  rule.  In 
these  counties  so  far  lime  is  not  much  used  and  only 
about  100  pounds  of  low  grade  fertilizer  is  supplied  to 
an  acre  and  clover  is  often  a  failure  even  when  sown. 

A  crop  of  corn  producing  fifty  bushels  removes  from 
an  acre  35  pounds  of  potassium,  11.5  pounds  of  phos- 
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phorus  and  75  pounds  of  nitrogen.  One  hundred  pounds 
of  the  fertilizer  used  bv  the  farmer  referred  to  above 
would  supply  to  an  acre  3.6  pounds  of  potassium,  3.87 
pounds  of  phosphorus  and  0.41  pounds  of  nitrogen.  It 
would  naturally  be  inferred  that  the  effect  would  not 
be  very  marked. 

A  study  of  the  chemical  analysis  of  these  soils 
given  above,  shows  them  to  be  rich  in  total  potassium 
and  poor  in  total  nitrogen  and  i^hosphorus. 

How  is  the  large  store  of  potassium  to  be  made 
available  in  these  soils  and  how  is  phosphorus  and  nitro- 
gen to  be  added  ? 

By  growing  clover  and  other  legumes  nitrogen  can 
be  added  to  a  soil  from  the  larger  store  in  the  atmos- 
phere. 

The  application  of  rock  phosphate  in  the  pot  culture 
experiments  with  clover  in  both  the  Chester  and  St. 
Louis  soils  shows  in  every  instance  very  marked  results, 
in  one  more  than  one  hundred  per  cent,  increase.  It  is 
no  doubt  true  that  all  legumes  possess  a  similar  power 
of  laying  hold  of  inert  materials  such  as  rock  phosphate. 
Then  to  build  up  these  soils  legumes  should  be  grown 
and  large  quantities  (say  1,000  pounds  per  acre)  of  rock 
phosphate  should  be  added  when  the  soil  is  being  pre- 
pared for  the  seeding  of  legumes.  The  legumes  may  be 
turned  under  directly  or  fed  as  hay  and  the  manure  re- 
turned to  the  soil.  The  latter,  however,  is  considered 
more  profitable.  In  this  way  large  quantities  of  organic 
matter  will  be  supplied  which  will  give  rise  to  organic 
acids.  These  acids  will  act  upon  the  inert  mineral  con- 
tent in  the  soil,  and  liberate  potassium  and  phosphorus. 

Though  these  soils  are  only  slightly  acid,  in  all  prob- 
ability light  applications  of  some  form  of  lime  would  be 
beneficial  with  legumes,  especially  if  any  acid  form  of 
phosphorus  is  used. 

There  are  large  quantities  of  rather  pure  limestone 
in  these  counties  that  no  doubt  could  be  turned  into  profit 
for  the  operator  and  farmers  as  well,  if  a  plant  for  mak- 
ing ground  limestone  were  introduced.  In  the  long  run 
ground  limestone  proves  to  be  more  profitable  for  acid 
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soils  tliaii  quick  or  burned  lime.     Tlie  quick  limes  serve 
as  a  stimulant  and  depletes  a  soil  of  vegetable  matter. 

More  precautious  should  be  taken  to  prevent  soil 
wasliiiig.  Tliis  may  be  profitably  done  by  expending 
money  and  energ:;-  in  utilizing  the  waste  materials  as 
manure,  old  straw  piles,  etc.,  in  helping  to  get  grass  on 
the  barren  hills.  More  grass  would  enable  the  farmers 
to  keep  more  live  stock.  At  present,  including  horses, 
mules,  cattle,  sheep  and  hogs,  there  is  only  one  animal 
for  each  seven  acres. 
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The  following  papers  on  The  Manufacture  of  Coke, 
by  William  Hutton  Blauvelt,  of  Syracuse,  N.  Y.,  and  F. 
E.  Lucas,  of  Sydney,  N.  S.,  were  originally  read  before 
the  American  Institute  of  Mining  Engineers  in  October, 
1912. 

In  view  of  the  rapid  development  of  the  coking  in- 
dustry in  Kentucky  they  are  of  great  interest  to  the  oper- 
ators in  this  State  and  are  reproduced  here  by  special 
permission  of  the  Secretary  and  Editor  of  the  Bulletin 
of  Transactions  of  the  Institute. 


Kentucky  Geological  Survey  1159 

THE   MANUFACTURE    OF    COKE.* 

BY   WILLIAM   HUTTON  BLAUVELT,   SYRACUSE,   N.  Y. 
(Cleveland  Meeting,    October,   1912.) 


Coke  is  the  production  of  dry  distillation  of  bitumi- 
nous coal,  by  which  the  volatile  matter  is  driven  off,  pro- 
ducing a  hard  body  of  cellular  structure.  Not  all  bitumi- 
nous coals  will  coke,  and  there  has  been  much  discussion 
regarding  the  substance  which  is  present  in  coking-coals 
to  distinguish  them  from  dry  coals.  Professor  Lewes 
says  that  the  bituminous  matter  in  coal  is  largely  de- 
rived from  the  spores  of  fossil  mosses.  Resins  are  pres- 
ent in  all  soft  coals,  and  contribute  largely  to  the  cement- 
ing of  the  coke.  The  resinates  and  hydrocarbons  begin  to 
distil  out  at  moderate  temperatures  and  leave  the  pitchy 
residual,  which  at  500"^  C.  forms  a  mass  already  well 
caked  together,  if  the  proportion  of  humus  residual  is 
riot  too  great.  This  coke  is  soft,  but  if  the  heat  be  raised 
to  1,000°  C.  the  pitch  decomposes  further,  leaving  car- 
bon, and  Professor  Lewes  is  convinced  that  the  coking 
bond  is  due  to  these  liquid  products  which  distil  off,  leav- 
ing pitch,  which  then  carbonizes  and  binds  the  mass  into 
coke. 

Professor  Parr  concludes  that  the  structures  of  the 
organic  compounds  of  the  coal  which  furnish  the  ce- 
menting-material  for  coke,  and  which  are  apparently 
attacked  by  oxygen,  have  not  been  determined  and  seem 
to  vary  somewhat  in  different  types  of  coal.  However, 
they  yield,  on  oxidation,  humic  acids  of  varying  compo- 
sition which  decompose  into  powdery  residues.  Because 
of  the  complex  nature  of  these  substances  and  the  diffi- 
culty experienced  in  isolating  and  identifying  them,  the 
theory  of  coking  is  still  an  open  problem  and  the  expla- 
nations advanced  are  largely  hypothetical. 

In  the  coking  process  the  volatile  matter  driven  off 
in  the  oven  consists  mainly  of  tar,  ammonia,  and  gas,  fa- 
miliarly known  as  by-products.  Both  the  quality  and 
quantity  of  coke  and  by-products  vary  greatly  with  the 
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composition  of  the  coal.  In  America,  coals  similar  to 
those  of  the  Pocahontas  region,  containing  as  low  as  16 
per  cent,  or  less  of  volatile  matter,  stand  at  one  end  of 
the  list.  In  Europe,  some  coals  are  coked  which  contain 
not  more  than  13  per  cent  of  volatile  amtter.  These  pro- 
duce the  maximum  yield  of  coke  and  the  minimum  yield 
of  by-products.  At  the  other  end  of  the  list  are  the  gas- 
coals,  containing  as  much  as  38  or  40  per  cent  of  vola- 
tile matter,  and  yielding  correspondingly  small  amounts 
of  coke.  The  development  of  the  best  cell  structure  is 
of  the  highest  importance  in  the  production  of  metal- 
lurgical coke.  A  well-developed  cellular  structure  pre- 
sents a  large  surface  to  oxidation  by  air,  producing  rapid 
combustion,  while  the  strong  cell-wall  prevents  crushing 
and  maintains  an  open  fuel-bed.  A  soft  thick  cell-wall 
is  objectionable  in  blast-furnace  coke,  since  it  permits  the 
oxidizing  action  of  COo  gases  in  the  upper  part  of  the 
furnace,  by  which  the  coke  is  wasted  and  the  furnace-top 
temperature  is  increased.  In  foundry  work  it  is  more 
desirable  to  have  a  coke  with  a  softer  cell-wall,  smaller 
cell  space,  and  a  strong,  tough  structure.  This  permits 
the  air  to  burn  the  coke  immediately  to  carbon  dioxide, 
with  production  of  the  highest  temperature  in  the  melt- 
ing zone  of  the  cupola,  and  the  weight  of  the  charge  is 
easily  supported.  Thus  present  practice  seems  to  indi- 
cate that  somewhat  diiferent  treatments  are  required 
for  producing  furnace  and  foundry  coke. 

Coals  high  in  oxygen  are  usually  deficient  in  coking- 
qualities,  and  either  will  not  coke  at  all,  or  produce  a 
coke  of  weak,  friable  structure.  But  many  coals,  as  will 
be  shown  later,  which  yield  poor  coke  under  ordinary 
conditions,  may,  by  proper  treatment,  be  made  to  pro- 
duce goo<l  metallurgical  coke.  Coal  when  stored  absorbs 
oxygen,  sometimes  with  serious  effect  on  its  coking-qual- 
ities. The  chief  reason  for  this  aj^pears  to  be  the  effect 
of  the  oxygen  on  the  resinates,  which  Professor  Lewes 
savs  arc*  therebv  converted  into  humus. 

Th(»  history  of  coke  making  has  been  discussed  at 
length  in  the  technical  publications,  by  me^  and  others, 
and  any  reference  to  it  hen^  would  be  unnecessary  repe- 
tition. The  sam(»  statement  applies  to  the  earlier  forms 
of  b(K*-hive  and  by-product  ovens,  and  the  develoy)ment 
from  these  earlier  forms  to  modern  types.    The  term  by- 
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product  oven  is  commonly  applied  in  this  country  to  the 
retort  oven,  although,  of  course,  the  by-products  may  or 
may  not  be  recovered  from  the  gases  from  retort  ovens, 
depending  upon  market  conditions.  All  the  retort  oven- 
plants  in  the  United  Statts  have  by-product  recovery-ap- 
paratus. In  this  paper,  the  term  by-product  oven  will 
often  be  employed,  as  being  a  more  familiar  term,  in  re- 
ferring to  the  retort  oven. 

For  many  years  the  bee-hive  oven  was  the  standard 
for  coke  making,  and  has  remained  the  standard  in  Eng- 
land and  America  long  after  its  practical  disappearance 
from  continental  Europe.  There  are  several  reasons  for 
this.  In  England,  the  Durham  coal,  and  in  America,  the 
Connellsville  coal,  are  remarkably  well-suited  to  the  con- 
ditions of  the  bee-hive  oven,  so  that  the  best  quality  of 
coke  could  be  produced  without  diflBculty,  and  with  rela- 
tively good  economy.  In  America,  the  bee-hive  oven 
had  certain  economic  advantages.  It  is  quickly  built,  and 
at  relatively  low  cost,  and  the  labor  required  for  opera- 
tion is  of  low  grade.  It  can  be  put  out  of  run  at  rela- 
tively small  loss  during  periods  of  industrial  depression, 
and  can  be  started  up  again  with  ease  after  a  shutdown. 
These  qualities  adapted  it  to  the  fluctuating  and  chang- 
ing conditions  which  for  many  years  surrounded  our  iron 
industry.  But  the  iron  industry  has  become  more  stable ; 
and  moreover,  the  coals  best  adapted  to  the  bee-hive  oven 
are  growing  scarcer,  especially  with  the  exhaustion  of 
the  Connellsville  field.  The  TJ.  S.  Geological  Survey  re- 
ports that  in  1911  the  total  coke  production  in  the  United 
States  showed  a  decrease  of  about  15  per  cent  while  the 
output  of  by-product  coke  increased  10  per  cent.  Com- 
pared with  five  years  ago  the  following  are  the  figures  of 
production : 


By-Product* 

Bee-Hive. 

AvV  ■           ♦•••••••••••••—*•••••♦#■■•■<■•—••#—< 

^  6,607,899 

35,171.665 

1911 

••••••«••••««••«•••••••     1  f O*  i  f o  * v 

27.207.517 

This  shows  an  increase  in  by-product  coke  of  40  per 

.  cent,  and  a  decrease  in  bee-hive  coke  of  22  per  cent,  so 

that  in  1911  the  tonnage  of  by-product  coke  wa^  28  per 

•cent  of  the  bee-hive  tonnage.     By-product  plams  now 

tmder  construction  and  in  contemplation  will  greatly  in- 
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crease  the    present    output.     In   England  the    relative 
gi*owtli  of  the  by-product  oven  has  been  even  more  tapid 
.  during  the  last  few  years.  •    ' 

The  generic  differences  between  the  structure  of  the 

•  bee-hive  and  by-product  or  retort  oven  need  not  be  again 
described  hero.    It  is  sufficient  to  say  that  the  bee-hiye 

•  process  consists  essentially  in  the  heating  of  the  coal  with 
controlled  admission  of  air  to-  the  coking-chamber,  ao 
that  thejioat  necessary  for  the  distillation  of  the  vola- 

.  tile  matter  is  produced  by.coipbustion  within  the  oveii- 
chamber.    In  the  by-prodiKjt  ov^eu  the  process  is  a  trUe 

•  dry  distilliation.  No  air  is  admitted  to  the  chamber,  and 
'  the  heat  necessary  for  the  distillation  is  supplied  through 
.  the  chamber  walls. 

The  bee-hive  oven  has  been  carrier  to  its  highest  per- 
.  f ection  in  this  country ;  drawing-  and  loading-apparatus 

has  been  applied  to  it,  to  reduce  the  arduous  labor  of  tije 

old  hand-method;  and  modifications  of  the  original  bee- 
.  hive  shape  have  been  successfully  introduced,  which  add 
.materially  to^^.the  economy  of  operation,  while  maintain- 
,  ing  the  principles  of  carbonization  as  employed  in  the 

standard  bee-hive. 

The  bee-hive  oven  is  usually  located  at  the  coal-mine, 

and  the  coal  is  in  very  many  cases  charged  direct  to  the 

•  oven  without  weighing,  so  that  it  is  difficult  to  ascertain 
the  exact  yield  of  the  oven ;  but  except  when  coals  SE© 
used  which  are  especially  adapted  to  the  bee-hive  proce:^, 

.  the  coke  yields  are  considerably  below  the  theoretical, 
and,  of  course,  all  the  by-products  are  wasted.     These 
facts,  except  in  unusual  cases,  make  it  impracticable  to 
.  locate  bee-hive  ovens  away  from  the  mines.    On  the  other 
'hand,  the  by-product  oven  is  usually,  in  this  country  at 
least,  located  at  the  point  of  consumption  of  the  coke,  or 
at  some  center  of  distribution.     This  freedom  of  loca- 
tion of  the  by-product  oven  has  a  number  of  advantages. 
Although  it  entails  charges  on  from  1.2  to  1.4  toiis  of 
coal  for   every  ton  of  coke   produced,  yet  coal-  usually 
carries  a  lower  rate  than  coke,  and  is  more  easily  trans- 
'ported,  iiot' requiringspecial  cars  and  not  being  injured 
by  handling.  -In  some  cases  it  can  4)e  shipped  by  water, 
'  with -inaterial  savirigin  freights,  and  with  proper  caife 
'it  can  bt^  storcrd  at  the' plant  in  almost  any  quantity  with- 
-out  inaterialidetBriafatitjn/  This  permits  a  blast-furnace 
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plant,  having  its  own  coke-ovens  at  the  furnace,  to 
possess  an  assured  supply  of  coke,  independent  of 
weather  or  shipping-conditions.  It  is  quite  common  for 
by-product  oven-plants  to  accumulate  a  stock  of  from 
one  to  eight  months'  supply  of  coal.  The  by-products 
produced  are  much  nearer  their  market,  and  the  gas  is 
often  available  for  industrial  uses  or  for  municipal  light- 
ing. The  plant  is  nearer  a  supply  of  diversified  labor, 
which  is  an  advantage  in  the  more  varied  processes  of 
by-product  oven-operation.  An  important  advantage 
of  locating  the  oven-plant  at  the  point  of  consumption  is, 
that  it  permits  a  convenient  assembling  of  several  kinds 
of  coal  at  the  ovens.  This  mixture  of  coals  is  often  a 
great  advantage,  since  it  permits  the  best  quality  of  coke 
to  be  produced,  when  the  coke  made  from  any  one  of  the 
coals  alone  might  be  of  inferior  quality,  or  perhaps  not 
at  all  adapted  to  the  market  requirements. 

There  has  been  much  discussion  regarding  the  rela- 
tive cost  of  bee-hive  and  by-product  oven-plants.  It  is 
difficult  to  make  an  exact  comparison,  since  the  functions 
of  the  two  types  are  quite  different.  For  example,  in 
many  cases  the  cost  of  a  by-product  oven-plant  includes 
a  large  expenditure  for  coal-storage  of  several  hundred 
thousand  tons,  in  order  to  take  advantage  of  water 
freight-rates.  On  the  other  hand,  bee-hive  plants  are 
often  built  in  connection  with  coal-mining  plants  and 
utilize  a  share  of  power-plant,  w^ater  supply,  etc.,  without 
having  these  necessary  adjuncts  included  in  their  capital 
account.  Careful  inquiry  into  the  actual  cost  of  bee-hive 
oven -plants  shows  that  to  build  such  a  plant  complete  in 
every  respect,  and  in  the  best  manner,  including  all  the 
equipment  besides  the  ovens  and  their  immediate  appur- 
tenances, such  as  electric  powder-plant,  water-supply,  rail- 
road-approaches and  sidings,  coal-handling,  etc.,  would 
require  an  expenditure  of  about  $950  per  oven.  The  U. 
S.  Geological  Survey  report  for  1911  gives  the  tonnage 
of  coke  produced  per  active  bee-hive  oven  at  466  tons 
per  annum.  This  figure  is  doubtless  low  for  the  best  bee- 
hive ovens ;  675  to  700  tons  per  annum  will  perhaps  rep- 
resent fairly  the  average  output  per  oven  of  a  modem 
bee-hive  plant.  An  average  of  these  figures  gives  a 
plant-cost  of  $1.38  per  ton  of  coke  produced  per  annum. 
A  by-product  oven-plant  of,  say,  80  ovens,  complete  in 
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every  respect,  and  built  in  the  best  manner,  would  pro- 
duce, say,  425,000  tons  of  coke  per  annum  from  an  aver- 
age coal,  and  would  cost,  say,  $1,100,000.  Of  course,  this 
figure  would  be  varied  by  local  conditions.  This  is  equal 
to  $2.58  per  ton  of  coke  per  annum.  On  the  basis  of 
these  figures  a  by-i)roduct  plant  costs  86  per  cent  more 
than  a  bee-hive  plant. 

The  owner  of  a  small  acreage  of  coking-coal  might 
perha))s  W(»ll  hesitate  before  making  the  larger  invest- 
ment, as  compared  with  a  simi)le  plant  of  bee-hive  ovens, 
but,  as  a  general  prox)osition,  there  hardly  seems  to  be 
a  (juestion  as  to  which  style  of  oven  is  the  better  invest- 
ment. Much  of  the  additional  cost  of  the  by-product 
plant  i)er  unit  of  coke  produced  is,  of  course,  due  to  the 
installation  of  the  api)aratus  and  buildings  for  the  re- 
covery and  treatment  of  the  by-j)roducts.  Other  im- 
])ortant  items  are  provisions  for  coal  and  coke-storage, 
thereby  assuring  uniformity  of  operation  and  greater 
ability  to  maintain  uniform  deliveries.  Moreover,  a  by- 
product plant  is  built  for  a  longer  life  than  a  bee-hive 
])lant.  Kight  years  may  perhaj)s  be  considered  as  a  sat- 
isfactory life  for  a  bee-hive  oven-plant,  while  double  this 
term,  or  16  vears,  would  be  several  vears  within  the  life 
of  a  well-built  by-product  i)lant. 

Market  conditions  have  not  been  such  in  this  coun- 
try as  to  justify  construction  of  retort  oven-plants  with- 
out the  recoverv  of  bv-])roducts,  but  we  mav  assume  a 
non-recovery  oven-plant  built  for  operation  in  the  Poca- 
hontas region,  for  exami)le.  The  yield  of  coke  from  Poca- 
hontas coal  averages  certainly  not  more  than  60  per  cent 
in  a  bee-hive  oven.  In  a  retort  oven  the  vield  is  more 
than  80  per  cent.  Such  a  plant  without  by-product  re- 
covery costs  not  much  more  i)er  ton  of  product  than  an 
eciually  well  equi])])ed  bee-hive  plant,  and  the  labor  of 
operation  under  such  conditions  would  be  as  low,  if  not 
lower.  A  ])lant  of  retort  ovens  in  place  of  bee-hives  in 
that  field  would,  therefore,  mean  that  at  practically  the 
same  expenditure  the  owner  of  a  coal  property  would, 
on  account  of  the  greater  yield  of  coke,  increase  the  life 
of  his  coal-field  83  per  cent  with  a  given  output  of  coke. 
Or  the  value  of  the  ])roperty,  based  on  the  selling-value 
of  the  coke  therefrom,  would  be  increased  33  per  cent. 
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The  present  development  of  the  art,  however,  has 
brought  the  Pocahontas  coal  to  the  ovens  located  at  the 
point  of  consumption,  and  the  mixing  of  low  and  high 
volatile  coals  has  grown  in  favor,  especially  during  the 
last  few  vears. 

The  cycle  of  operations  in  connection  with  the  by- 
product oven  has  been  described  several  times  in  tech- 
nical papers,  and  need  not  be  repeated  here.  It  is  well 
recognized  that  the  operation  of  these  plants  calls  for 
technical  skill  of  high  order,  as  the  several  processes  in- 
clude metallurgical,  mechanical,  and  chemical  engineer- 
ing, and  the  success  and  economy  of  the  operation  are 
largely  dependent  ui)on  the  accurate  control  of  a  number 
of  quite  different  and  independent  conditions.  There  has 
been  great  progress  in  the  design  of  the  ovens  and  re- 
covery-apparatus. As  might  be  expected,  America  now 
leads  Europe  in  output  of  plant,  size  of  oven,  and  rate  of 
coking.  In  the  early  days  of  the  by-product  oven  in 
America,  the  capacity  of  the  oven  was  about  4.4  tons  of 
coal  per  24  lir.,  and  25  ovens  were  considered  about  the 
right  numl)er  for  one  crew  of  men.  Modern  ovens  have 
a  capacity  of  as  much  as  20  tons  of  coal  per  oven  per 
dav,  and  bv  the  introduction  of  more  machinerv  and  more 
efficient  design,  the  number  of  ovens  handled  per  man  is 
also  increased  greatly.  The  rate  of  coking  is  one  point 
in  which  American  practice  has  gone  ahead  of  Europe. 

Ketort  ovens  have  been  built  of  various  widths  from 
about  14  to  about  oO  in.,  to  suit  various  ideas  of  the  de- 
signers, ami  various  coals;  but,  within  limits,  the  rate  of 
coking  per  inch  of  coal  does  not  vary  materially  with  the 
width  of  the  ov(»n.  Not  nuniv  vears  ago  the  best  rate  of 
coking  was  about  1  in.  of  oven  width  in  90  min. ;  that  is, 
a  Ifi-in.  oven  was  coked  in  24  lir.  Today  there  is  more 
than  one  type*  of  oven  which  is  coking  regularly  at  the 
rate  of  from  50  to  55  min.  ])er  inch  of  oven  width.  This 
increasod  rate  was  nuide  possible,  partly  by  better  con- 
trol of  the  heating-systems,  and  partly  by  the  adoption 
of  silica  brick  in  the  oven  construction.  Silica  brick  has 
been  used  in  l)ee-hive  oven  construction  very  generally 
for  a  number  of  vears.    In  retort  ovens  it  was  lirst  used 

« 

in  the  Otto-lIolTmann  oven-plant  at  Johnston  in  1899, 
and  is  Jiow  the  standard  material  in  America  for  retort- 
oven  construction. 
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During  the  past  few  years  special  study  has  been 
given  to  the  heat  economy  of  the  retort  oven  and  material 
advance  has  been  made.  From  most  American  coals, 
more  gas  is  produced  than  is  necessary  for  heating  the 
ovens.  The  conditions  under  which  it  is  to  be  operated 
have  an  important  l)earing  on  the  design  of  an  oven- 
plant.  It  may  be  said  tliat  tliere  are  three  general  con- 
ditions. First,  where  there  is  not  sufficient  market  to 
dispose  of  the  surplus  gas.  In  this  case  the  design  of 
oven  should  be  very  simple.  Any  complication  of  the 
design  for  preheating  the  air  should  be  avoided,  since 
satisfactory  coking-temperatures  can  be  maintained  with 
cold  air,  if  economy  of  gas  is  no  object.  Steam  for  the 
operation  of  the  plant  should  be  raised  by  burning  the 
surplus  gas  under  simple  boilers.  This  simplicity  of  de- 
sign permits  material  economy  in  cost  of  construction 
and  maintenance,  and  also  reduces  the  cost  of  operation. 

In  the  third  case  the  gas  is  salable  at  a  good  price,  so 
the  gas,  perhaps  for  industrial  purposes,  but  at  a  low 
price,  and  the  cost  of  coal  and  labor  is  relatively  high. 
In  this  ease  the  oven-design  should  provide  for  partial 
heating  of  the  air,  with  proportionate  economy  of  gas 
for  heating  the  oven,  so  that  the  remaining  heat  in  the 
waste  gases  is  just  about  sufficient  to  furnish  the  steam 
required  for  the  plant.  This  design  gives  an  oven  of 
moderate  cost  for  construction  and  upkeep;  the  opera- 
tion of  the  boiler-plant  is  reduced  to  its  lowest  terms, 
with  minimum  of  labor  and  repairs ;  and  at  the  same  time 
a  v(»ry  considerable  ])ercentage  of  the  total  gas  produced 
is  available  for  sale. 

In  the  third  case  the  gas  is  salable  at  a  good  price,  so 
that  it  is  desirable  to  recover  the  maximum  amount  for 
sale.  Under  these  conditions  an  oven-design  is  justifi- 
able which,  while  more  costly  in  construction,  is  most 
economical  in  heat-consumption.  The  air  is  heated  in 
the  best  form  of  recuperators  or  regenerators  to  1,000° 
or  1,1 00 "^  C,  and  the  waste  gases  go  to  the  chimney  too 
cool  to  be  of  value.  Under  these  conditions  coal  and 
coke-breeze  are  used  for  producing  the  necessary  steam 
Whether  steam  is  used  for  the  production  of  power,  as 
well  as  for  the  distillation  of  aimnonia,  heating,  etc.,  or 
whether  the  power  is  generated  by  gas-engines,  depends 
upon  the  relative  market  value  of  coal  and  gas.    A  proper 
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recognition  of  the  conditions  of  installation,  and  the 
adaptation  of  the  design  to  them,  is  an  important  factor 
in  the  most  economical  installation  of  a  retort  oven- 
plant.  It  is  by  no  means  always  the  case  that  the  most 
highly  efficient  heat-economy  within  the  oven  itself  is 
most  economical  for  the  plant,  and  very  good  results 
can  be  obtained  in  some  cases  without  the  most  expen- 
sive oven-construction.  The  average  of  a  year's  results 
from  two  plants  which  have  come  within  my  knowledge! 
using  coal  containing  less  than  27  per  cent  volatile, 
showed  more  than  4,200  ft.  of  gas  sold  per  ton  of  coal 
coked  for  the  entire  year.  Statements  regarding  vol- 
-umes  of  gas  recovered  are  often  misleading,  since  the 
quality  may.  vary  greatly :  so  it  may  be  of  more  interest 
'to  say  that  the  heat-units  in  this  gas  averaged  from  the 
-two  plants  for  the  entire  year  well  over  2,600,000  B.^  t.  U. 
•per  ton  of  coal  coked,  or  about  44  per  cent  of  the  heat 
in  the  total  gas.  While  these  figures  can  be  materially 
improved  by  more  expensive  construction  to  effect  greater 
heat-economy  in  the  oven,  the  above  results  were  ob- 
tained with  the  simplest  form  of  apparatus  for  preheat- 
ing the  air,  and  at  the  same  time  all  the  steam  required, 
for  operating  the  plant,  handling  and  storing  coal,  dis- 
tilling ammonia,  etc.,  was  produced  from  the  waste  heat, 
assisted  by  the  breeze  produced  at  the  plant. 

The  following  tabulated  data  show  in  a  general  way 
what  may  be  expected  from  plants  designed  for  the  three 
conditions  mentioned  above.  The  figures  show  the  re- 
sults per  ton  of  coal  coked.  They  represent  average  cDn- 
ditions  and  average  coals,  and,  of  cgnrse^  would  be  modi- 
fied by  lipecial  conditions. 

-  steam  pro- 
Type  of  Oven.                                       Fuel  Gas.  Surplu.s  Gas.         duced. 

Per  Cent.      Per  Cent.  Pounds. 

No  air  preheating":.. 70  30  '  1,0^0  ' 

Partial  air  preheating 60  40  800 

Maximum  air  preheating  40  60  0 

The  tendency  of  modern  retort-construction,  espec- 
ially in  America,  is  towards  the  highest  economy  of  heat, 
even  at  the  expense  of  simplicity  and  economy  of  con- 
struction. The  proper  heating  of  a  retort  oven  is  not  a 
simple  problem.  It  CTIRists  essentially  in  the  distribu- 
tion of  heat  from  burning  gases  over  the  side  wall  of  the 
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oven,  which  presents  an  area  from  35  to  40  ft.  long,  and 
from  8  to  12  ft.  high.  The  temperature  over  this  entire 
area  must  be  always  under  accurate  control.  When 
operating  for  maximum  output  the  temperatures  must 
be  held  at  a  point  not  far  below  the  softening-point  of  the 
brick;  and  since  the  oven-chamber  is  wider  at  one  end 
than  at  the  other,  to  permit  easy  discharge  of  the  coke, 
the  heats  must  be  modified  accordingly,  so  that  the  whole 
charge  may  be  coked  in  the  same  time.  It  is  also  often 
desirable  to  maintain  a  somewhat  lower  temperature  in 
the  upper  part  of  the  oven.  The  combustion  of  the  gas 
with  air  which  has  been  preheated  to,  say,  1,100°  C,  as 
it  is  in  the  latest  regenerator  ovens,  produces  a  theo- 
retical flame-temperature  of  about  2,400°  C.  The  actual 
temperature  produced  would  be  much  above  the  melting- 
point  of  the  best  refractory  brick,  and  while  economical 
operation  demands  a  full  utilization  of  the  best  tempera- 
tures attainable,  the  walls  of  the  combustion  flues  must 
not  be  injured,  nor  must  there  be  **  hot-spots '  *  or  **  white 
ends"  that  will  overburn  the  coke  in  the  adjacent  part 
of  the  oven-chamber. 
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Fig.  1.— Application  of  Heat  in  Different  Types  of  Coke-Ovens. 
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Fig.  1  shows  diagrammatically  the  application  of  the 
heat  in  the  different  types  of  ovens.  A  indicates  the 
combustion-flue  system  of  any  retort  oven  with  its  re- 
generative chambers  below.  B  and  C  show  applications 
of  this  general  arrangement  as  adopted  by  oven-system 
employing  vertical  flues.  B  shows  the  application  to  the 
horizontal-flue  ovens  of  the  series  type.  E  a  horizontal 
type  where  all  the  flues  are  in  parallel.  B.  C,  and  B  rep- 
resent the  methods  generally  adopted  in  conunercial 
ovens.  In  the  former  type,  or  the  vertical-flue  oven,  the 
gas  and  air  are  mingled  and  burned  in  horizontal  flues  at 
the  bottom  of  the  vertical  flues,  the  burning  gases  dis- 
tributing themselves  and  passing  up  one-half  the  vertical 
flues  and  down  the  other  half,  as  indicated  in  the  sketch ; 
or  gas  and  air  are  led  separately  to  the  bottom  of  each  of 
the  vertical  flues,  where  they  are  mingled  by  properly 
arranged  nozzles  and  burned  as  they  pass  upward.  In 
some  ovens  a  combination  of  these  methods  is  adopted. 
B  illustrates  the  horizontal  series-flue  regenerator  oven ; 
and,  as  I  have  had  more  experience  with  this  type,  it 
may  be  of  interest  to  discuss  somewhat  in  detail  the  prin- 
ciples of  its  operation.  All  of  the  air  required  for  the 
combustion  is  passed  through  the  entire  flue-system,  first 
from  above  downward,  and  then  from  below  upward,  as 
the  regenerator  system  is  reversed.  The  heating  gas  is 
admitted  at  the  end  of  the  flues,  usually  in  four  or  five 
places,  as  may  be  required.  This  method  seems  to  give 
a  maximum  if  simplicity.  The  flow  of  gas  is  automati- 
cally reversed  in  the  flues  themselves  by  the  change  in 
the  current  of  air.  Every  flue  may  be  convenintly  in- 
spected from  end  to  end  by  a  man  walking  along  in  front 
of  the  ovens,  and  the  gas-admission  at  each  point  is  di- 
rectly under  his  hand,  so  that  there  is  no  excuse  for  fail- 
ure to  immediately  observe  and  correct  any  tendency  to 
unequal  heating.  The  distribution  of  the  heat  through- 
out the  flue-system  is  made  remarkably  uniform  by  this 
process.  This  is  partly  due  to  the  comparatively  high 
velocity  of  the  gases  sweeping  through  the  flues,  and  to 
the  fact  that  the  gas  is  burned  either  in  a  large  excess 
of  highly-heated  air,  or  else  in  a  mixture  of  air  and  pro- 
ducts of  combustion.  The  advantages  of  the  presence  of 
products  of  combustion  in  the  combustion-chamber, 
where  it  is  desired  to  obtain  a  distribution  of  heat,  have 
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been  clearly  shown  in  other  combustion  processes,  such 
as    the    Doherty    system    of    producer    operation,    fox 
.  example. 

In  beginning  the  experimental  work  leading  up  to 
the  present  method  of  operation,  while  it  was  recognized 
that  the  presence  of  a  large  volume  of  air,  together  with 
products  of  combustion  mixed  w^ith  the  burning  gas,  was 
•an  important  factor  in  distributing  the  heat  w^ith  uni- 
formity, yet  it  w^as  feared  that  passing  the  entire  volume 
of  air  through  all  the  flue-system  might  seriously  in- 
crease the  friction  and  make  the  maintenance  of  sufficient 

•  draft  a  difficult  matter,  even  though  the  total  amount  of 
air  admitted  could  be  accurately  proportioned  so  that  it 
would  be  just  sufficient  to  burn  all  the  gas.    Hence,  an 

'oven  was  designed  with  the  flues  in  parallel,  in  order  to 
reduce  the  velocity  of  the  gas-currents,  following  the 
principle  of  the  vertical-flue  type.     It  was  found,  how- 

.ever,  that  the  velocity  of  the  gases  passing  through  the 

:  flues  did  not  produce  material  friction-loss,  but  that  most 
of  the  friction  arose  from  eddies  in  the  currents  at  the 

-ends  of  the  flues;  and  by  a  suitable  modification  of  the 
structure  at  these  points  it  was  easy  to  keep  down  the 
draft  required  to  a  reasonable  amount,  while  maintain- 
ing the  velocity  of  flow  that  was  so  effective  in  securing 
uniform  heats.     This  method    of    handling    the  gases 

'through  the  fliies  in  these  series-flue  ovens  has,  therefore, 
tw^o  advantages.    It  is  effective  in  distributing  tbaJieat 

-uniformly  from  one  end  of  the  flue  to  the  other,  aiid  at 

;  the  same  time  the  higher  velocities  effect  a  more  efficient 

•  transfer  of  heat  through  the  flue-wall.  The  effect  of 
velocity  of  travel  on  the  transfer  of  heat  through  walls 

•  has  also  been  show^n  very  clearly  in  a  series  of  experi- 
-ments  on  steam-boilers  made  by  the  Engineering  Experi- 
ment Station  of  the  University  of  Illinois.*     It  will  be 

-remembered  that  these  tests  w^ere  undertaken  to  deter- 
mine the  relation  of  heat-transmission  to  velocity  of  cir- 
culation in  the  steam-boiler.     They  show  very  clearly 

(the  important  effect  of  velocity  flow  on  rate  of  heat- 
transmission,  and  from  the  deduction  therein  set  forth 

-it:  would  appear  that  the  same  conclusions  may  be  drawn 

\in  the  study  of  our  problem.    Having  obtained  by  these 


•Bulletin  No.   40,   University  of  Ullnois  (1909)., 


Kentucky  Geologtcaij  Survey  1171 

means  such  an  effective  distribution  of  the  heat,  the 
arrangement  of  gas-admission  to  the  flue-system  makes 
it  easy  to  control  the  temperature  of  the  whole  system 
under  the  severe  conditions  described  above.  The  result 
is  that  in  this  type  of  oven  the  heat  is  remarkably  uni- 
form from  end  to  end,  hot  or  cold  spots  are  practically 
unknown,  and  the  control  of  the  temperature  is  much 
easier  than  ever  before. 

The  temperatures  maintained  in  the  flue-system,  de- 
pend, of  course,  upon  the  rate  of  coking  it  is  desired  to 
maintain.  They  usually  run  from  1,000°  to  1,250°  C, 
or  somewhat  higher.  The  temperature  at  the  point  of 
entrance  of  the  heated  air  is  controlled  bv  the  admission 
of  the  proper  supply  of  gas,  and  additional  gas  is  intro- 
duced at  other  points  in  the  system  in  order  to  make 
up  for  the  heat  transmitted  into  the  oven-chamber,  or 
to  augment  the  temperatures  as  may  be  necessary  in 
preserving  the  proper  relations  of  heat  in  the  different 
parts  of  the  system.  The  periodical  reversal  of  the  gas- 
currents  prevents  any  tendency  to  inequalities  which 
might  othenvise  develop. 

The  perfecting  of  this  system  makes  the  regenera- 
tive retort  oven  quite  as  simple  and  easy  to  operate  as 
the  recuperative  oven,  and  at  the  same  time  secures  the 
maximum  hoat-oconomv.  There  is  onlv  one  reversing- 
valve  on  each  oven-block,  by  which  the  currents  of  air 
and  products  of  combustion  are  reversed,  through  the 
system;  and  this  may  be  easily  operated  by  a  simple 
mechanical  device  with  time-control.  All  the  other  ad- 
vantages of  the  older  system,  of  simplicity  and  reliability 
of  operation,  are  maintained.  This  type  of  oven  utilizes 
the  principle  of  a  heavy  wall  between  each  two  oven- 
chaml)ers.  This  wall  occupies  some  room,  and  therefore 
more  space  per  unit  of  production,  yet  it  has  several  ma- 
terial advantages.  It  supports  the  main  body  of  the 
oven-structure  and  carries,  without  difficulty,  the  weight 
of  the  heayj  charging-cars,  which,  when  loaded,  may 
weigh  more  than  20  tons.  It  permits  that  part  of  the 
oven-structure  which  is  subjected  to  the  highest  heats  to 
be  readily  repaired,  or  even  entirely  replaced,  without 
effecting  the  integrity  of  the  main  structure,  and  also 
without  stopping  adjacent  ovens.  In  cases  where  the 
coal  is  hard  on  the  oven  bricks,  or  where  a  large  percent- 
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age  of  water,  as  in  washed  coal,  causes  a  severe  shock  to 
the  red-hot  bricks  when  charged,  or  after  the  plant  has 
become  old,  this  is  an  important  feature.  Another  value 
of  these  intermediate  w^alls  is  that  they  act  as  a  reser- 
voir of  heat.  They  accumulate  heat  during  the  coking 
process,  and  when  fresh  coal  is  charged  they  come  to 
the  assistance  of  the  burning  gas,  and  help  the  oven  pick 
up  its  lieat  and  maintain  a  coking  temperature. 

While  the  earlier  by-product  oven-plants  were  sim- 
pler in  design  and  ecjuipment,  the  modern  plant  is  almost 
entirely  mechanically  operated,  and  electrically-driven 
machinery  has  taken  the  place  of  most  of  the  Iiand- 
lal)or.  The  following  data  illustrate  the  distribution  and 
consumption  of  power  in  a  plant  of  a  capacity  of  1,300 
tons  of  coal  per  day : 

Daily    Power    Consumption    in    Kilowatt-Hours   for   Various 

Operations. 

Lighting  599 

Pumps   handling  ammonia  liquor 390 

Scrubbers  and  pumps  in  by-product  recovery-plant 1,283 

Coal-charging  and  coke-pushing 192 

Coal-conveyors    - 393 

Coal-unloading 282 

Coal-storage    102 

Crushing  and   pulverizing   287 

Coke-handling  686 

Pumping  water  1,800 


6,014 


Duiing  the  development  of  the  by-product  oven  in 
the  last  few  years  niucli  study  has  been  given  to  increas- 
ing the  eflfectivenoss  and  economy  of  the  apparatus  for 
recovering  the  l)y-products.  This  recovery  consists 
essentially  in  the  cooling  of  the  gas,  which  causes  the 
condensation  of  much  of  the  tar-vapor  and  water-vapor, 
wliicli  latter  brings  down  with  it  j)art  of  the  ammonia. 
After  cooling,  the  gas  is  scrubbed  in  contact  with  water, 
sometimes  by  i)assing  it  through  tall  towers  through 
wliicli  water  is  showered,  sometimes  by  bubbling  through 
water  in  a  series  of  shallow  pans,  or  by  other  methods; 
the  object  in  all  scrubbing  processes  being  to  bring  the 
gas  in  contact  as  intimately  as  possible  with  wetted  sur- 
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faces,  to  take  advantage  of  the  strong  aflBnity  of  water 
and  ammonia.  The  weak  ammonia  liquor  produced  in 
tliese  processes  is  distilled  by  steam,  producing  either 
the  ammonia  liquor  of  commerce,  or,  by  more  refined 
operations,  the  purer  grades  of  ammonia.  If  the  ammo- 
nia gas  from  the  stills  is  passed  into  sulphuric  acid,  am- 
monium sulphate,  one  of  the  most  important  artificial 
fertilizers,  is  produced. 

Much  work  has  been  done  lately  on  what  are  known 
as  direct  i)rocesses  for  the  recovery  of  ammonia.  In  all 
these  processes,  the  gas  is  passed  directly  through  a  bath 
of  sulphuric  acid,  thereby  turning  tlie  ammonia  into  sul- 
phate. Several  such  ^* direct"  i)rocesses  have  been 
worked  out,  the  difference  being  principally  in  the 
method  employed  for  the  removal  of  the  tar  from  the 
gas,  which  is  then  bubbled  through  the  sulphuric  acid 
bath;  the  ammonium  sulphate  settles  out  and  is  removed 
and  the  gas  is  ready  for  further  treatment.  At  this  point 
the  light  oils  are  removed  or  the  gas  is  sent  direct  to  the 
point  of  consumption.  Several  methods  have  been  ad- 
vocated for  the  utilization  of  the  sulphur  in  the  gas  itself 
as  the  source  of  sulphuric  ar*id  for  making  the  sulphate. 
These  processes  are  somewhat  complicated,  and  will  not 
be  described  here,  as  they  have  been  fully  discussed  in 
th(»  technical  journals. 

One  of  the  latest  ap])licatioiis  connecting  the  manu- 
facture of  coke  with  the  other  arts  is  the  ''gas-oven." 
This  name  has  been  a])plied  to  the  l)y-product  coke-oven 
when  ada]:te(l  esi)e(*ia]|y  to  the  manufacture  of  illuminat- 
ing-gas. The  essential  modification  is  that  the  gas 
for  heating  the  ovens  is  obtained  from  y)ro(lucers,  the 
ovens  l)eing  modified  to  suit  this  gas,  so  that  the  whole 
of  the  gas  produced  from  the  distillation  of  the  coal  in 
th(»  oven  is  availal)lc  for  sale  as  illuminating-gas.  This 
adaptation  of  the  retort  oven  is  attracting  considerable 
attention;  several  ])lants  are  in  operation  in  Kurope,  and 
three  or  four  are  beginning  oi)eration  or  are  in  the  course 
of  construction  in  tlie  United  States.  While  producing 
l^actically  the  same  gas  as  other  systems  employed  in 
coal-gas  manufacture,  the  gas-oven  has  the  advantage 
of  ])roducing  a  high  (|uality  of  coke.  It  also  has  the  ad- 
vantage in  operating-cost,  due  to  the  emi)loyment  of 
larger  units,  and  carbonizing  more  coal  per  unit  of  labor. 


{ 


1174  First  Annual  Report 

These  plants  are  more  especially  adapted  to  the  larger 
installations  for  gas-manufacture. 

In  discussing  the  use  of  by-product  coke  for  metal- 
lurgical purposes,  the  statement  is  often  made  that  this 
coke  cannot  be  as  good  as  bee-hive  coke,  because  the 
quality  of  the  coke  is  injured  in  the  manufacture  in  order 
to  obtain  better  by-products.  This  is  not  the  fact,  as  is 
borne  out  by  the  considerable  number  of  by-product  oven- 
plants  now  supplying  metallurgical  coke  for  furnace  and 
foundry-work.  In  fact,  in  a  number  of  localities  by- 
product coke  is  sold  for  foundry  purposes  at  a  premium 
over  the  best  bee-hive  coke  on  the  market. 

One  point  in  which  by  product  oven-operation  has 
improved  in  recent  years  is  in  reliability.  In  consider- 
ing the  gas,  for  example,  either  for  gas-engine  work  or 
for  illuminating  purposes,  reliability  of  supply  is  an  ab- 
solute essential;  and  while  formerly  the  supply  of  gas 
was  uncertain  and  undependable,  contracts  are  now 
made  which  insure  a  permanent  and  reliable  supply  that 
can  be  depended  upon,  like  any  other  manufactured  pro- 
duct. The  sales  of  oven-gas  for  illuminating  purposes 
now  exceed  40,000,000  feet  per  day.* 

The  manufacture  of  by-i)roduct  coke  is  coming  to  be 
not  only  an  operation  for  the  manufacture  of  coke  and 
the  saving  of  such  incidental  products  as  may  be  ob- 
tained, but  rather  an  industry  where  coal  is  distilled  for 
the  purpose  of  producing  several  products,  such  as  coke, 
tar,  ammonia,  l)enzol,  gas,  and  perhaps  others,  each  made 
of  the  best  quality,  and  each  important  in  maintaining  the 
earnings  of  the  plant.  The  growth  of  chemical  manu- 
factures in  America  and  the  greater  demand  for  the  pro- 
ducts which  supply  these  industries  add  permanency  and 
reliability  to  the  market,  and  at  the  same  time  the  by- 
product oven  furnishes  a  reliable  sui)ply  of  raw  mate- 
rials to  important  industries,  which,  although  in  some 
cases  still  in  embrj^o  here,  have  attained  great  propor- 
tions in  Europe,  and  doubtless  will  grow  to  large  im- 
portance in  this  country. 

To  the  student  of  social  economics  it  appears  clear 
that  the  general  adoption  of  by-product  ovens  will  exert 
its  influence  on  commercial  conditions,  the  steady  opera- 
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tion  of  these  plants  being  a  factor  in  maintaining  the 
prices  of  coke,  and  hence,  indirectly,  prices  of  iron  pro- 
ducts, thus  helping  not  a  little  the  elimination  of  those 
violent  fluctuations  in  iron  prices,  which  have  been  a 
fruitful  cause  of  the  speculations  and  industrial  depres- 
sions which  so  seriously  affect  both  the  employer  and 
the  employee.  These  plants  may  also  have  their  effect 
on  our  industrial  life  by  influencing  industries  to  con- 
centrate in  the  larger  centers  in  order  to  take  advantage 
of  the  raw  materials  which  they  furnish,  the  supply  of 
power  which  may  be  obtained  from  the  gas  produced,  and 
the  opportunities  which  the  plants  themselves  furnish 
for  the  employment  of  various  classes  of  labor. 


i 
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THE   MANUFACTURE   OF   COKE. 

BY  F.  E.  LUCAS,  SYDNEY,  N,  S. 


This  paper  is  offered  with  considerable  diflSdenee, 
since  some  of  the  statements  made  may  not  agree  with 
the  opinions  of  other  members  of  the  Institute.  What  I 
give  is  the  result  of  some  years  of  experience  in  the 
operation  and  construction  of  coke-ovens,  and  observa- 
tion of  plants  in  America  and  Europe. 

Although  my  title  is  **The  Manufacture  of  Coke,'* 
I  have  found  it  impossible  to  do  justice  to  the  subject 
without  touching  on  a  number  of  points  which,  while 
not  strictly  involved  in  the  making  of  coke,  yet  are  of 
paramount  importance  from  an  economic  standpoint. 
There  are,  indeed,  many  points  of  interest,  on  each  of 
which  a  separate  paper  of  considerable  length  might  be 
written,  but  the  scope  of  my  paper  will  permit  me  only 
to  touch  lightly  some  of  them,  in  the  hope  that  what  I 
say  will  promote  a  full  discussion  on  the  whole  question. 
Those  of  us  who  are  interested  in  the  manufacture  of 
coke  are  under  an  obligation  to  the  American  Institute 
of  Mining  Engineers,  which  has  opened  its  meetings  to 
the  discussion  of  this  subject.  I  do  not  believe  that  there 
is  any  question  today  more  worthy  or  more  in  need  of 
discussion.  When  geologists  and  mining  men  tell  us 
that,  at  the  present  rate  of  consumption,  our  coal  fields 
will  be  exhausted  in  a  few  generations,  we  should  wel- 
come any  means  that  will  conserve  these  deposits  as  far 
as  possible,  and  give  us  the  greatest  amount  of  heat  or 
power  from  every  ton  mined. 

I  shall  trv  to  show  that  much  can  be  done  in  this 
direction  through  the  by-product  coke-oven,  and  that  it 
should  stand  second  to  none  as  an  economic  factor  in  the 
industrial  world. 

I  shall  here  deal  exclusively  with  the  by-product 
oven,  except  for  the  comparative  statement  I  have  pre- 
pared, showing  the  saving  to  be  effected  by  coking  in 
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by-product  instead_of  bee-hive  ovens.  It  should  be  borne 
in  mind  that  tHis  comparison  is  only  for  one  particular 
coal,  and  while,  other  coals  may  give  some  better  and 
some  i)oorer  results,  as  far  as  by-products  and  yield  are 
concerned,  yet  it  will  serve  to  show  the  tremendous  ad- 
vantage that  by-product  ovens  have  over  any  other  tjT3e. 

Coke  might  be  called  coal  with  the  volatile  matter 
distilled  off.  And  yet  coke,  as  we  mean  it,  and  as  it  must 
be  produced  for  metallurgical  purposes,  must  be  some- 
thing more  than  this.  It  must  conform  to  certain  specifi- 
cations in  respect  to  physical  structure  and  the  percent- 
age of  impurities  present.  We  have  to  produce  a  coke 
hard  enough  to  carry  the  weight  of  the  furnace-burden 
and  successfully  withstand  the  abrasion  consequent  upon 
the  passage  of  the  stock  downward  through  the  furnace 
or  cupola,  and  at  the  same  time,  in  order  to  have  the  best 
possil)le  quality,  it  must  not  be  dense.  A  well-developed 
cell-structure  is  essential,  I  believe,  to  the  best  action  and 
lowest  consumption  of  coke  in  a  furnace. 

The  impurities  in  coke  are  principally  sulphur  and 
ash,  of  which  the  first  gives  the  most  trouble. 

In  America  we  have  in  the  past  been  very  fortunate 
in  having  available  large  quantities  of  coals  which  are 
naturally  of  a  good  coking  quality,  and  require  no  prepa- 
ration before  charging,  except  possibly  that  of  crushing 
to  a  certain  degree  of  fineness.  It  is  just  as  true  that  the 
exhaustion  of  these  coals  is  in  sight ;  and  it  will  then  be 
necessary  to  use  other  coals  of  possibly  inferior  quality. 
This  will  necessitate  putting  the  coal  through  certain 
processes  before  charging,  in  order  to  maintain  the 
standard  of  coke. 

If  the  coal  is  high  in  sulphur  or  ash  it  will  have  to 
be  washed  to  remove  as  much  as  possible  of  these  impu- 
rities. Washing  coal  consists  primarily  in  keeping  the 
entire  mass  of  coal  so  agitated  in  water  that  the  impu- 
rities, by  reason  of  their  greater  specific  gravity,  may 
settle  to  the  bottom  and  be  removed.  The  mechanical 
devices  employed  for  doing  this  are  many  and  varied. 
Some  are  good,  some  fairly  so,  and  some  bad;  but  it  is 
not  my  purpose  in  this  paper  to  describe  or  criticise  the 
various  types  of  apparatus.  One  thing  I  would,  how- 
ever, emphasize,  namely,  that  any  one  type  of  plant  does 
not  necessarily  work  to  the  best  advantage  on  every  coal. 
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Each  coal  should  be  carefully  studied  and  tested  by  all 
possible  means  before  erecting  any  plant  to  prepare  it 
for  coking.  Different  coals  have  different  specific  gravi- 
ties, and  the  ratio  between  the  specific  gravity  of  the 
coal  and  that  of  the  impurities  also  varies  in  different 
coals.  The  manner  in  which  the  impurities  are  asso- 
ciated with  the  coal  also  varies  greatly,  and  this  in  par- 
ticular will  largely  affect  the  size  to  which  the  coal 
should  be  crushel  before  washing.  We  find  that  some 
coals  will  give  the  best  results  in  washing  by  crushing 
-to  a  small  size  before  going  to  the  washer  and  others 
give  the  best  results  by  going  to  the  washer  in  nut-size. 
In  crushing  finely  before  washing,  it  is  often  the  case 
that,  where  the  sulphur  is  contained  in  definite  strata  of 
pyrites,  a  large  part  of  the  pyrites  is  crushed  to  dust  or 
flake  form,  which  is  held  in  suspension  in  the  washer  and 
goes  over  with  the  coal.  When  washing  the  coarser 
coal  it  is  (more  often  than  not)  found  advisable  after 
washing  to  recrush  to  the  degree  of  fineness  which  ex- 
perience shows  will  give  the  best  results  in  the  coke  for 
that  particular  coal. 

A  further  preparation,  with  which,  so  far,  we  have 
not  had  to  bother  much  in  America,  is  the  compression 
of  the  coal  into  cakes  before  charging.  There  are  coals 
which  when  charged  loosely  into  the  oven  either  wall  not 
bond  at  all,  or  w^ill  not  bond  sufficientlv  to  make  a  coke 
that  will  stand  handling,  but  wiiich,  when  crushed  very 
fine  and  stamped  into  a  cake  that  can  be  pushed  into  the 
oven,  wnll  make  a  good  coke. 

It  is  sometimes  claimed  that  all  coal  should  be 
stamped  before  charging,  but  I  cannot  agree  with  that 
claim,  for  this  reason :  a  large  open  cell-structure  in  the 
coke,  provided  the  cell-walls  are  strong  enough  to  carry 
the  burden,  gives  us  a  calorific  intensity  or  fierceness  of 
combustion  which  it  is  not  possible  to  attain  by  the  use 
of  a  dense,  close-grained  coke;  and  compressing  a  coal 
which  gives  us  under  natural  conditions  such  a  coke  as 
we  desire,  only  closes  in  the  cell-structure  and  makes  a 
heavier  and  denser  coke,  so  that  the  consumption  of  coke 
in  a  furnace  per  ton  of  metal  produced  would,  I  believe, 
be  higlier,  since  practically  the  same  bulk,  and  therefore 
greater  weight,  would  be  used. 
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However,  this  does  not  alter  the  fact  that  in  many 
cases  compression  of  the  charge  is  of  incalculable  benefit 
to  the  quality  of  the  coke  produced,  and  as  our  better 
coking-coals  become  exhausted,  we  shall  doubtless  find 
it  necessary  to  resort  more  largely  to  both  washing  and 
compression,  in  order  to  keep  up  the  coke-standard.  Of 
course,  that  will  make  the  coal  going  to  the  ovens  cost 
more  than  at  present;  but  we  shall  find  that  other  savings 
can  be  effected  which  will  more  than  offset  this  added 
cost. 

Both  washing  and  compression  are  almost  univer- 
sally practiced  in  Europe,  but  in  spite  of  this  we  find 
that  the  consumption  of  coke  per  ton  of  metal  produced 
is  about  on  a  par  with  the  general  practice  in  America, 
wheiT  thequality  of  the  ores  and  other  conditmns^  aretjon- 
sidered.  Also,  we  find  that  the  European  countries, 
particularly  England,  Germany,  and  Belgium,  can,  in 
spite  of  the  fact  that  the  bulk  of  their  coal  has  to  be  pre- 
pared for  coking,  and  that  they  are,  in  general,  using 
much  leaner  ores,  compete  very  successfully  in  the 
world's  markets  with  America,  which,  as  yet,  has  not 
been,  to  any  great  extent,  confronted  with  the  conditions 
which  obtain  on  the  other  side.  What  thev  have  done 
w^e  can  do,  and  one  of  the  chief  reasons  why  they  can 
compete  is  because  of  their  avoidance  of  waste,  and  their 
economy  in  small  things.  This  is  most  noticeable  in  the 
general  adoption  of  by-product  ovens  and  the  saving  of 
all  possible  by-products. 

The  following  description  of  the  process  of  making 
coke  and  recovering  by-products  will,  I  think,  be  appli- 
cable to  all  types  of  by-product  ovens: 

The  coking-chamber  is  rectangular  in  shape,  from 
30  to  40  feet  long,  6  to  12  feet  high,  and  16  to  24  inches 
wide,  taking  coal-charges  of  from  5  to  15  tons  per  oven. 
The  walls  are  built  to  contain  an  arrangement  of  flues 
and  chambers  in  which  the  gas  is  burned  to  keep  the 
oven  at  the  required  temperature.  Underneath  the  oven- 
structure  are  the  regenerators,  through  which  the  burnt 
gases  pass  after  heating  the  oven-walls,  the  checker- 
work  in  the  regenerators  absorbing  the  heat  from  these 
gases  on  their  way  to  the  stack.  At  regular  intervals  the 
gas  is  reversed  and  passes  through  a  second  regenerator, 
and  the  air  for  combustion    of    the    gas  is  drawn  up 
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through  the  one  just  heated.  By  this  means  air  at  a 
temperature  of  1,000°  to  1,800°  F.  is  supplied  for  com- 
bustion of  the  gas. 

On  top  of  the  coking-chamber  is  a  standpipe,  or 
ascension-pipe,  connected  with  the  gas  main  leading  to 
the  condensing  plant. 

The  coal-charge  is  either  dropped  in  through  holes 
in  the  top  of  the  oven,  or,  if  compressed,  is  pushed  in 
through  tlie  end  door ;  and  then  the  oven  is  tightly  sealed, 
to  avoid  loss  of  gas,  or  the  possible  drawing-in  of  air, 
which  would  lead  to  a  partial  combustion  of  the  charge 
and  dilution  of  the  gas.  The  gas  driven  off  ascends 
through  the  standpipe  into  the  collecting  main,  and  is 
then  drawn  to  the  condensing  plant  by  means  of  suitable 
exhausters. 

The  recovery  of  by-products  in  their  first  form  takes 
place  in  the  condensing  ijlant.  During  the  past  few  years 
there  have  been  so  many  new  developments  in  by-product 
recovery  apparatus  that  it  will  be  necessary  to  outline 
briefly  the  different  processes  by  means  of  which  the  tar 
and  ammonia  may  be  extracted  from  the  gas.  The  older 
method  was  to  pass  the  gas  through  a  series  of  coolers, 
bringing  it  down  gradually  to  the  vicinity  of  from  80° 
to  90°  F.,  then  pass  it  through  the  tar-scrubbers,  and 
then  through  the  ammonia-washers,  where  the  gas  was 
brought  by  various  means  into  intimate  contact  wnth 
water.  The  w^ater  absorbed  the  ammonia,  and  this  am- 
monia liquor  was  then  distilled  by  steam,  the  ammonia 
vapor  being  driven  off,  and,  in  turn,  absorbed  in  a  bath 
of  sulphuric  acid,  in  which  the  ammonium  sulphate  w^as 
precipitated,  and  afterwards  extracted  and  dried,  ready 
for  shipment. 

The  next  process  w^as  a  semi-direct  one,  in  w^hich 
the  gas  was  cooled  sufficiently  to  allow  the  tar  to  be  ex- 
tracted by  the  ordinary  cooling  method,  and  then  the 
gas  w^as  heated  up  again  and  all  passed  through  the 
sulphuric  acid  bath,  wiiich  absorbed  all  the  ammonia, 
while  the  gas  passed  on  to  the  holder  or  oven.  The  sul- 
phate in  this  case  was  precipitated  and  prepared  for 
shipment  as  in  the  previous  process. 

In  the  semi-direct  process  a  certain  amount  of  w^eak 
ammoniacal  liquor,  consisting  of  the  moisture  w^hich  was 
condensed  out  of  the  gas  in  the  original  cooling,  has 
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to  be  dealt  with  in  stills,  the  same  as  in  the  first  process. 
The  quantity  of  the  liquor  to  be  so  dealt  with  will  depend 
on  the  moisture  in  the  coal  charged  into  the  ovens. 

A  third — the  direct — process,  consists  in  taking  the 
gas  direct  from  the  ovens  without  cooling,  extracting  the 
tar  at  this  high  temperature  by  specially  designed  appa- 
ratus, and  then  passing  the  whole  of  the  gas  through  the 
acid  bath,  as  in  the  previous  process.  By  this  method 
there  is  no  liquor  to  be  dealt  with  and  there  is  also  no 
lime  needed  in  the  process,  as  in  the  case  where  liquor 
has  to  be  distilled  and  a  certain  amount  of  milk  of  lime 
has  to  be  added  to  release  the  so-called  fixed  compounds 
of  ammonia  in  the  liquor. 

There  is  still  another  process,  as  yet  in  the  experi- 
mental stage,  in  which  the  gas  is  cooled  and  the  tar 
extracted  as  in  the  process  first  described,  but  the  ammo- 
nia is  recovered  in  the  form  of  sulphate  by  utilizing  the 
hydrogen  sulphide  in  the  gas  instead  of  sulphuric  acid. 

A  detailed  description  or  discussion  of  all  the  dif- 
ferent types  of  ovens  and  by-product  recovery  apparatus 
'  would  occupy  more  space  than  I  believe  could  be  granted 
for  this  paper. 

The  coke  is  discharged  from  the  ovens  by  means  of 
a  ram,  and  is  received  either  on  a  quenching-wharf  or  in 
one  of  the  many  types  of  quencliing-cars  or  machines. 
In  one  type  the  entire  bottom  of  the  oven  is  dropped, 
-letting  the  charge  fall  out  into  a  quenching-car  under- 
neath. 

The  quenching  of  the  coke  is  important  from  both 
standpoints  of  moisture-content  and  of  strength.  If  the 
coke  gets  too  much  water,  the  cells  will  suck  themselves 
full  as  they  cool,  and  there  will  not  be  heat  enough  left 
to  expel  this  excessive  moisture.  At  the  same  time,  the 
.  rai)id  formation  of  steam  has  a  tendency  to  crack  the 
coke  and  weaken  it  materially.  The  ideal  quenching  of 
coke  can,  I  think,  be  shown  by  immersing  a  piece  in 
water,  just  for  a  moment,  immediately  after  it  comes 
from  the  ovens,  and  then  leaving  it  for  about  20  minutes. 
The  water  has  just  chilled  the  outside  and  stopped  any 
tendency  to  combustion  there.  The  inside  will  die  out 
for  want  of  air,  and  at  the  same  time  there  will  be  suffi- 
cient heat  to  drv  out  the  moisture  from  the  other  cells. 

ft- 

It  is  probably  not  possible  in  actual  practice  to  get  such 
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results  as  we  would  in  a  small  experiment,  but  the  nearer 
we  approach  ta  it,  the  better  the  product  will  be. 

The  effect  of  moisture  in  the  coke  is  one  on  which 
opinions  may  differ.  Naturally,  if  one  is  buying  coke 
by  weight  and  has  to  have  it  hauled  a  considerable  dis- 
tance, one  does  not  care  to  pay  for  the  moisture-content 
or  pay  freight  on  it.  Even  if  the  moisture  is  determined 
and  only  dry  coke  paid  for,  there  is  still  the  question  of 
freight,  which  is  an  important  one  when  large  quantities 
of  coke  are  being  used. 

The  effect  of  moisture  in  the  coke  on  the  action  of 
the  furnace  cupola  itself,  is  not  so  clear  to  me.  In  the 
foundry-cupola,  wiiere  the  ratio  of  coke  to  iron  melted 
is  so  low  and  the  distance  between  the  top  and  the  melt- 
ing zone  so  short,  I  can  readily  see  how  the  question  of 
moisture  may  be  very  important;  but  in  the  blast-fur- 
nace wo  have  a  verv  different  condition.  I  do  not  see 
how  a  reasonable  amount  of  moisture  in  the  coke  can 
affect  the  melting-zone  of  the  furnace  or  the  reducing 
action  of  the  gas  on  the  ore.  There  is  a  temperature  at 
the  top  of  the  furnace,  where  the  coke  is  charged,  high 
enough  to  thoroughly  dry  out  the  moisture  before  the 
coke  gets  far  enough  down  to  do  any  good,  and  the  mois- 
ture is  carried  off  with  the  gas.  In  fact,  I  believe  there 
are  some  furnace-plants  where  the  coke  is  sprayed  with 
w^ater  before  charging,  in  order  to  keep  the  top  heat 
down  below  the  danger  limit. 

Then  comes  the  question  of  the  effect  of  the  mois- 
ture on  the  gas  itself.  As  long  as  the  moisture  is  not 
high  enough  to  limit  the  heats  required  to  be  raised  on 
the  stoves,  I  cannot  see  that  it  has  done  any  harm. 

The  effect  of  longer  or  shorter  coking  hours  or 
higher  or  lower  temperatures  on  the  quality  of  the  coke 
is  somethmg  that  can  only  be  determined  by  actual  ex- 
periment with  each  different  kind  of  coal.  We  can  make 
laboratory  tests  on  a  small  scale  to  test  the  coking  quali- 
ties of  a  coal  and  its  yield  of  by-products,  but  I  would 
not  care  to  build  a  plant  to  deal  with  a  certain  coal  and 
base  my  calculations  entirely  on  laboratory  tests. 

In  selecting  a  design  of  oven  for  coking,  regard 
should  be  had  to  simplicity  as  far  as  possible,  accessi- 
bility for  inspection  and  repairs,  such  arrangement  of 
combustion-chambers  and  flues  as  wdll  give  a  uniform 
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temperature  in  all  parts  of  the  oven;  and  a  by-product 
plant  that  will  turn  the  gas  out  free  from  tar,  and  with 
only  traces  of  ammonia,  at  the  same  time  producing  am- 
monium sulphate  of  good  color;  all  with  due  regard  to 
the  special  conditions  presented  by  a  given  coal  and  a 
given  locality. 

The  advantage  of  a  by-product  oven  over  other 
types  and  its  value  as  an  economic  factor  lie  not  only 
with  the  coke,  in  that  it  gives  a  higher  yield  of  coke  from 
a  given  weight  of  coal,  but  also  in  the  by-products  and 
surplus  gas. 

The  ammonium  sulphate  recovered  finds  a  ready 
market,  and  the  demand  for  this  product  as  a  fertilizer 
must  always  increase  as  the  population  of  the  country  in- 
creases, and  the  farm  and  garden  lands  require  more 
fertilization. 

The  tar  also  finds  a  ready  market,  and  this  also  is 
bound  to  increase.  The  value  of  tar  by-products  is  rising 
as  the  demand  increases.  It  w^ould  take  a  book  in  itself 
to  describe  the  many  products  made  from  tar,  all  the 
way  from  pitch  to  drugs  and  perfumes.  But  we  w^ill 
consider  the  main  products  alone,  viz,  pitch,  creosote 
Oils,  and  light  oils.  For  road-making,  roofing,  and  bri- 
quetting,  there  will  always  be  a  market  for  the  pitch. 
With  the  exhaustion  of  our  timber  lands  in  sight,  we  must 
either  do  something  to  conserve  them  or  find  a  substi- 
tute. Railroad  companies  and  mine-owners  wdll  find  it 
to  their  advantage  to  creosote  all  railroad  ties  and  pit- 
timbers  as  w^ell  as  bridge  and  pier  timber.  The  lighter 
oils  will  be  used  in  internal  combustion  engines. 

Probably  the  greatest  w^aste  the  country  has  ever 
seen,  or  ever  will  see,  has  been  going  on  for  all  the 
years  w^e  have  been  making  coke  in  bee-hive  ovens  and 
burning  the  gas  out  in  the  air.  Making  coke  in  by-pro- 
duct ovens,  and  utilizing  the  gas  by  the  most  commercial 
means,  will  revolutionize  the  production  of  power.  It 
has  already  done  so,  most  notably  in  Germany;  and  we 
must  come  to  it  sooner  or  later.  The  sooner  we  arrive 
at  that  point  the  better  for  the  industries  of  the  country, 
and  the  more  we  shall  have  done  towards  conserving  our 
coal  resources. 

A  modern  by-product  oven,  run  at  a  reasonable 
capacity,  will  give  50  per  cent  or  more  of  surplus  gas 
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from  a  coal  of  about  28  per  cent  volatile-content.  The 
surplus  gas  is  the  gas  over  and  above  the  quantity  needed 
to  keep  the  oven  up  to  the  required  temperature.  This 
surplus  gas  should  run  from  450  to  500  B.t.u.  per  cubic 
foot.  The  quantity  of  surplus  gas  is  approximately 
5,000  cubic  feet ;  hence,  5,000  times  450  equals  2,250,000 
B.t.u.  per  ton  of  coal  carbonized  is  available  for  the 
production  of  power  equal  to  93,750  B.t.u.  per  hour.  The 
builders  of  gas  engines  tell  us  we  can  get  1  h-p.  on  a  heat- 
consumption  of  11,000  B.t.u.  On  that  basis,  we  find  8.5 
h-p.  per  hour  from  the  surplus  gas  from  1  ton  of  coal. 

The  surplus  gas  can  also  be  used  for  illuminating 
purposes.  This  is  done  at  some  plants  in  this  country 
and  at  a  great  many  in  Germany.  By  installing  two  col- 
lecting mains  on  top  of  the  ovens,  the  rich  gas,  given  off 
during  the  earlier  hours  of  the  coking  time,  can  be  col- 
lected in  one  main,  and  the  leaner  gas  in  the  second.  By 
this  means  gas  of  650  to  750  B.t.u.,  or  from  16  to  19 
candle-power,  can  be  delivered  direct  from  the  ovena 
without  enriching.  The  lean  gas  is  still  of  sufficiently 
high  calorific  value  for  heating  the  ovens.  Gas  from  by- 
product ovens  can  be  piped  for  hundreds  of  miles  if 
necessary.  Again,  the  gas  may  be  used  for  steam-raising 
or  for  heating  all  manner  of  furnaces,  or,  in  conjunction 
with  steel-works,  can  be  used  in  a  steel-furnace  instead  of 
producer-gas.  The  recent  investigations  by  Professor 
Bone  have  shown  how  by  flameless  combustion  we  can 
get  95  per  cent  of  efficiency  out  of  the  gas  we  bum. 

In  any  of  the  above  w^ays  the  gas  can  be  used  with 
great  ecoa^my;  but  I  believe  the  production  of  power 
from  gas  engines  opens  up  the  largest  field. 

In  the  year  1911  there  was  produced  in  America 
approximately  29,338,000  tons  of  coke,  of  which  approxi- 
mately 21,448,000  tons  was  produced  in  bee-hive  ovens. 
I  do  not  know  the  figures  for  the  average  volatile-content 
of  the  coal  that  went  to  make  this  coke,  but  assuming  a 
fairly  low  volatile  coal  of  say  24  per  cent,  to  produce 
21,000,000  tons  of  coke  in  by-product  ovens  would  take 
about  26,000,000  tons  of  such  coal.  Allowing  the  small 
amount  of  4,000  cubic  feet  of  surplus  gas  per  ton  of  coal, 
and  15  pounds  of  ammonium  48ulphate,  and  7  gallons  of 
tar,  and  allowing  the  surplus  gas  to  furnish  only  400 
B.t.u.  per  cubic  foot,  we  find  that  we  would  have  26,000,- 

geo.  38. 
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000  times  4,000,  equal  to  104,000,000,000  cubic  feet  of  gas 
y)er  year;  tliis  at  400  B.t.u.  per  cubic  foot  equals  41,600,- 
000,000,000  B.t.u. ;  reduced  to  hours,  equals  4,748,858,447 
B.t.u.,  at  11,000  B.t.u.  per  h-p.-hr.,  equals  431,714  h-p.  Or, 
allowini^  the  vahie  of  10  cents  per  1,000  cubic  feet  for  the 
^as,  we  liave  the  sum  of  $10,400,000.  Of  ammonium  sul- 
phate we  have  174,107  ^ross  tons  at  a  value  of  approxi- 
mately $60  per  ton,  equal  to  $10,446,420.  Of  tar  we  have 
182,000,000  gallons,  worth,  at  2  cents  per  gallon,  $3,640,- 
000.    Total  value  of  gas,  ammonia,  and  tar,  $24,486,420. 

I  do  not  dou])t  that  the  coal  from  w^hich  the  coke  was 
made  would  have  given  better  results  than  I  have  shown 
here,  but  ev(m  at  these  conservative  figures  we  can  see 
what  a  loss  there  has  been. 

Thf»  above  amount  is  7  per  cent  on  about  $350,000,- 
000,  a  sum  which  would  build  by-product  ovens  enough 
to  carbonize  125,000,000  tons  if  coal  yearly.  Besides 
this  loss,  there  has  been  the  loss  of  the  coal  burned  in 
the  bee-hive  ov(»n.  Allowing  64  per  cent  as  a  fair  yield 
for  the  bee-hive  and  78  per  cent  for  the  by-product  ovens, 
th(»re  would  be  a  loss  exceeding  6,000,000  tons  of  coal. 
This  at  $1  per  ton  added  to  the  other  loss  gives  us  a 
grand  total  of  over  $30,000,000  lost  in  one  year.  It  seems 
to  me  that  this  is  well  worth  ** getting  after."  Much 
can  be  done  if  we  approach  this  subject  in  the  same  man- 
ner, and  give  it  the  same  study  and  attention  as  has  been 
given  in  past  years  to  questions  pertaining  to  mining 
and  metallurgy. 

Comparison  Between  Bee-Hjve  and  By-Product  Ovens. 

Ordinary  type,  12.5  ft.  in  diameter. 
-      Cost  from  $700  to  $1,200  per  oven. 

Produces  4  net  tons  of  coke  in  48  hr.,  equal  to  2  net 
tons  in  24  hrs. 

Yield  of  coke  from  coal,  60  per  cent. 

By-products  and  surplus  gas,  none. 
Bif-PfO(h(ct  Orcus. 

Oven  charge,  9  tons. 

Coking-time,  24  hrs. 

(Ovens  may  be  larger  or  smaller  than  this,  but  9 
tons  would  probably  be  about  the  average 
charge  for  the  modem  type  of  oven). 
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Coke  prolueed  on  70  per  cent  yieldj  /equals  6.34ona- 

of  coke  per  oven  in  24  brs. 
By-Products.  .  ' 

Ammonium  sulphate,  22  lbs.  per  net  ton  of  coal, 

equal  to  31  lbs.  per  net  ton  of  coke.    Value  2.25 

cents  per  lb.  above  cost  of  manufacture,  equals^ 

70  cents  per  ton  of  coke  made. 
Tar.    8 :5  gal.  per  ton  of  coal,  equal  to  10.7  gal.  per- 

ton  of  coke,  at  2  cents  per  gal.,  equals  21  per 

ton  of  coke. 
Surplus  gas,  5,000  cu.  ft.  per  ton  of  coal,  equals  7,- 

143  cu.  ft.  per  ton  of  coke,  at  10  cents  per  1,000 

cu.  ft.,  equals  71  cents  per  ton  of  coke. 

Total  Value  of  By-Products  as  above. 

Ammonium  sulphate  $0.70 

Tar  0.21 

Gas  0.71 


$1.62  per  ton 
of  coke. 

Add  to  the  above  the  difference  between  60  per  cent 
yield  in  bee-hive  ovens  and  70  per  cent  in  by-product 
ovens  on  the  same  coal.    Taking  coal  at  $1.50  per  ton: 

Coal  per  ton  of  coke  produced  In  bee-hive  oven =$2.50 

Coal  per  ton  of  coke  produced  In  by-product  oven...  ==  2.14 


Balance  In  favor  of  by-product  oven =$0.36 

So  that  the  total  saving  in  coal  and  by-products 
equals  $1.62  plus  $0.36,  equals  $1.98  per  ton  of  coke  made, 
equals  $12.47  per  oven  in  24  hrs.,  equal  to  $4,551.55  per 
oven  per  year. 

For  a  plant  of  100  ovens,  saving  equals  $455,155  per 
year. 

Cost  of  100-oven  plant  complete,  approximately 
$1,000,000.  A  100-oven  plant  of  above  capacity  will  pro- 
duce 630  tons  of  coke  per  day,  equal  to  229,950  tons  per 
year,  working  on  24  hr.  coking  time. 

If  benzol  is  recovered  it  will  further  add  to  the  in- 
come from  by-products. 
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IILEVATIONS  ABOVE  SEA  OF  POINTS  IN  KENTUCKY. 


CompiUd  ftom  Co-op«ratlT«  Work  of  tli«  Kentucky  O«ologio«l  Bvarvj  and 

Unitod  States  Geological  Surrey  and  From  the  Tarioua 

Bailroad  and  Siver  Surveys 


Place. 


Adairville 

Addison 

Aden 

Aetnaville,   P.  O. 

Alexander 

Allen 

Allensville 

Alloy 

Almo 

Alms  House 

Alonzo 

Alphoretta 

Alpine 

Altamont 

Alton *... 

Alton 

Ambrose 

Anchoraj;e 

Anderson 

Anderson 

Anderson  Ferry.. 

Anderson  ville 

Anton 

Apex 

Ar^jillite 

Ar;s?illlte 

Arf;yle .' 

ArlinRton 

Artemus 

Ashbyburff 

Ashcamp 

As'.iland 

Ashland 

Askin 

Athens  

Athol 

Auburn 

Aususta 

Aujrusta 

Austerlit/. 

Auxler 

Avcnstoke 

Avon 

Bacon  Creek 

Bagdad 

Baker 

Bakersport 

Ballard 


County. 


Logran 

Breckenridgre.. 

Carter 

Ohio 

Fulton 

Floyd 

Todd 

Boyd 

Calloway 

Jefferson 

Floyd 

Floyd 

McCreary 

Laurel 

Anderson 

Anderson 

Jessamine 

Jefferson 

Loffan 

Todd 

Boone 

Daviess 

Hopkins  

Christian 

Greenup 

Greenup 

I'owell 

Carlisle 

Knox 

Hopkins 

Pike 

Boyd 

Boyd 

Breckenridge. 

Fayette 

Breathitt 


Lofjan 


Bracken  .... 

Bracken 

Bourbon... 
Johnson ... 
Anderson. 

Fayette 

Hart 

Shelby 

Caldwell... 
Hopkins. 


Station. 


Eleva- 
tion. 


U 
L. 
C. 
C. 
U. 
U. 
L. 
U. 
X. 


&   N.    K.    K 

H.  &  St.  I.J.  a.  xi. 

&  O.  K.  K 

S.    B.   M 


S. 
S. 
& 
S. 
C. 


C. 
B. 

N. 
B. 
& 


&  G. 

M 

R.   R. 

M 

St.  L. 


S. 


R.   K. 


I.  C.  R.  R... 
U.  S.  B.  M. 
U.  S.  B.  M. 
Q.  &  C.  R. 
L.  &  N.  R. 
S.  R.  R.  ... 
B.  M. 


R. 
R. 


U.  S. 
U.  S. 


U. 

U. 

E. 

L. 

U. 

U. 

U. 

E. 

U. 

L. 

B. 

L. 

U. 

U. 

C. 

L. 

L. 

C. 

L. 

L. 

L. 

C. 

L. 

U. 

L. 

L. 

L. 

U. 

U. 

U. 


S. 

S. 
& 

w 

s. 
s. 
s. 

K. 

S. 

& 

M. 

& 

S. 


B.  M „ 

B.    M 

B.   M „. 

G.   R.   R 

.   in  Ohio  River 

B.   M 

M 

M 

R 

M 

Station 

near  I.  C.  R.  R.  Statfeh 

B.   M 


B. 
B. 
R. 
B. 
E. 


S.   B.    M 

.  -f 

&  O.   R.   R 

1  *v 

W.  in  Ohio  River 

H.  &   St.  L.  R.  R 

&  O.  R.  R 

&   E.  R.   R.   Station 

&   N.   R.   R 

W.   in  Ohio  River 

&  O.  R.  R 

s. 
s. 
& 
& 
s. 
s. 
s, 

Anderson |b.  M.  near  P.  O. 


B. 
R. 
E. 
N. 
B. 
B. 
B. 


M.  C.  &  O.  Station. 

R „ 

Station 

R.   R 

M.    R.  R.  Station.. 

M.    R.  R.  Station 

M 


58a 
371 
6:^6 
414 
338 
638 
554 
629 
440 
464 
643 
652 

1,005 

1,163 
722 
839 
851 
724 
637 
650 
429 
4S5 
664 
409 
524 
567 
Ti2 
36;{ 
995 
385 

1.084 
552 
486 
613 

1,006 
744 
605 
444 
506 

918 
630 
733 
944 
621 
912 
471 
397 
686 
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Place. 


Ballard 

Bancroft 

Bank  Lick 

Barboursvllle 

Bardstown 

Bardstown  Jet 

Bardwell 

Barnes 

Barnsley..„ > 

Barren  Fork 

Barren  River 

Bart 

Bart 

Baskett „ 

Bau^h 

Beals 

Beard's 

Beattyille 

Beattyvllle  Jet 

Beattyville  Jet 

Beaver  Creek 

Beaver  Dam 

Beaver   Gap „ 

Beekley 

Beda 

Beddow 

Bedford 

Beochjfrove 

Belamy  Store 

Belcourt „ 

Bellevue 

Bell's  Mill  Ford 

Belmont 

Belton 

Benson 

Benton 

Berea „ 

Berkley 

Berry „ 

Bethany 

Bethlehem 

Beulah 

Bevier „. 

Biff  Clifty „. 

Biff  Sandy  Jet ^^ 

Biff  Sandy  River 

Bfff  Sandy  River 

Biff  Sandy  River 

Biff  Sandy  River. 

Biff  Sandy  River 

Biff  Sandy  Rlver..„.. 

Biff  Sandy  River 

Biff  Sandy  River..„.. 


County. 


Floyd 

Muhlenberff 

Kenton 

Knox 

Nelson 

Bullitt 

Carlisle 

Carroll 

Hopkins 

MeCreary 

Barren 

Wayne 

Wayne 

Henderson 

Lo^an 

Henderson 

Oldham 

Lee ^ 

Lee 

Lee 

Floyd 

Ohio 

Knott-Letcher. 

Jefferson 

Ohio 

Pike 

Bourbon 

McLean 

Ohio 

Webster 

Henry 

Bullitt 

Bullitt 

Muhlenberff 

Franklin 

Marshall 

Madison 

Carlisle. 

Harrison 

Jefferson 

Hardin 

Hopkins 

Muhlenberff 

Grayson 

Boyd 

Boyd 

Lawrence...: 

Lawrence 

Martin 

Martin 

Martin....- 

Johnson 

Floyd ^ 


Station. 


Eleva- 
tion. 


U.    0.    D,    Al. .M^...»..^.„ 

L.  &  N.  H.  K 

L.   &   N.   K.   R „ 

L.   &  N.   R.   R 

L.  &  N.   R.    R „ 

B.  M.  on  C.  H _ 

U.   S.    B.   M 

Q.  &  C.  R.   R 

L.ock  1.    Top  of  wall 

Cumberland   River  „ 

U.  S.  B.  M.  near  P.  O 

IJ.   S.   B.   M 

L.   &   N.    R.    R 

U.  S.  B.  M -. 

L.  W.  in  Kentucky  River | 

U.  S.  B.  M.  L.  &  E.  Station | 

L.   &   E.   R.    R [ 

C.  &  O.  R.  R 

U.   S.  B.   M 

U.    S.    B.    M 

U  S.  B.  M.  L.  &  N.  Station 

U.   S.  B.  M „ 

C.  &  O.  R.  R 

L.   &  N.    R.    R 

U.   S.   B.  M 

U.   S.   B.   M 

LT.   S.   B.   M 

L.   &  N.   R.   R 

U.    S.    B.    M 

L.   &  N.   R.    R 

L.  &  N.  R.   R 

U.  S.  B.  M.    R.  R.  Station 

L.   &  N.   R.   R 

M.  &  O.   R.   R..... 

U.   S.  B.   M „ 

I.  C.   R.  R 

U.   S.  B.  M 

L.   &  N.   R.   R. 

I.  C.  R.  R - 

C.  &  O.  R.   R ™ 

L.  W.  at  mouth 

L.  W.  at  mouth  of  Biff  Blaine 

L.  W.   at   Louisa 

L.  W.  at  mouth  of  Rockcastle 

L.  W.  at  Richardson 

L.  W.   at  Wartleld „ 

L.  W.  at  mouth  of  Paint  Creek 
L.  W.  at  moutb  of  Johns  Cr.[ 


683 
486 

im 

637 
417 
£90 
666 
483 

1,281 
422 
5€y 
641 
397 
443 
390 
761 
bi8 
690 
713 
651 
413 

1,492 
599 
546 

1,314 
?92 
408 
440 
397 
875 
423 
431 
409 
598 
380 
943 
366 
640 
452 
732 
540 
400 
€82 
558 
498 
521 
526 
548 
549 
587 
587 
594 
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Elevation  Above  0«a  of  Points  in  Kentncky— Continaod, 


Place. 


Big  Sandy  River 

BiR  Sandy  Rivtr 

Bi;:?  Sandy  River 

Bijfc,'  Sandy  River... 

Bijf  Spring 

Birk 

Bishop 

Blackburn  

Blackford 

Blacky 

Blanchet 

Blandville 

Bloomfleld 

Bloomfleld 

Blue  Cut 

Bluff   City 

Bluflf  Spring 

Boaz 

Bohon 

Bolts  Fork 

Bonanza 

Bonds 

Bonita 

Bonnieville 

Boones    Fork 

Boonesboro ~ 

Boone's  Gap 

Bonneville 

Booth's 

Bordley 

Bosco 

Boston 

Boston 

Bostonia 

Bourne 

Bowling  Green 

Boxville 

Boyd 

Bracht 

Brack  town 

Bradshaw 

Brannon 

Brandenburg 

Brandenburg   Sta... 

Bratcher 

Braxton 

Breaks  of  Sandy 

Breton 

Bridge  Fork 

Brinkley 

Brlstow 

Broadhead 

Bromley 


County. 


Floyd 

Floyd 

Pike J 

Pike 

Bullitt 

Daviess 

Jefferson 

Union 

Webster 

Letcher 

Grant 

Ballard 

Nelson 

Nelson 

Logan 

Henderson.. 

Christian 

Graves 

Mercer 

Boyd 

Floyd 

McCracken. 
Woodford... 

Hart 

Letcher 

Clark 

Madison 

Owsley 

Hardin 

Union 

Floyd 

Jefferson 

Nelson....^ 

Mercer 

Garrard 

Warren 

Union 

Harrison 

Kenton 

i*"ayette 

Todd 

Jessamine... 

Meade 

Meade 

Grayson 

Mercer 

Pike 

Webster- 

McCreary... 

Knott 

Warren 

Rockcastle. 
Owen....„ 


Station. 


Eleva- 
tion. 


L.  W.  at  Prestonsburg 

L.  W.  at  mouth  of  Mud  Creek 

L.  W.  at  Pikeville 

L.  W.  at  Breaks  of  Sandy 

L.  &  N.  R.  R 

U.   S.   B.   M 

L.   S.   R.   R.„ 

U.   S.   B.   M 

U.    S.    B.    M 

L.   &  E.   R.    R 

Q.    &   C.   R.    R 

Weather   Bureau   

U.    S.    B.    M - 

L.   &  N.   R.   R 

L.   &   N.   R.   R 

U.   S.   B.   M 

U.   S.   B.   M 

I.  C.   R.   R 

U.    S.    B.    M 

U.   S.   B.  M 


I 


I.   C.    R.    R 

U.   S.   B.   M 

L.   &  N.   R.   R 

U.   S.   B.   M 

L.  W.  in  Kentucky  River 

L.  &  N.  R.  R. 

L.  W.  in  Kentucky  River 

L.   &  N.   R.   R 

U.    S.    B.    M 

B.   M.   moutli  of  Brush  Cr.. 

U.   S.   B.  M .- 

L.   &  N.   R.   R 

U.   S.   B.   M - 

U.    S.    B.    M 

Weather   Bureau   „ 

U.   S.   B.   M 

L.   &  N.   R.   R 

Q.    &   C.    R.    R 

u.  s.  B.  M : 

E.  &  G.  R.  R 

U.   S.   B.   M 

L.  W.   in  Ohio  River 

L.  H.  &  St.  L.  R.  R 

I.   C.    R.    R 

U.   S.   B.   M 

L.  W.  In  Big  Sandy  Rlver_ 

U.  S.  B.  M -. 

Q.  &  C.  R.  R 

U.  S.  B.  M „. 

L.  &  N.  R.  R ^. 

U.  S.  B.  M 


«U6 
637 
66U 
864 
514 
3K2 
469 
348 

362 
»98 
»53 
445 
669 
596 
410 
394 
573 
387 
894 
653 
640 
361 
897 
646 

1.264 
538 

1,130 
651 
425 
416 
675 
615 
431 
747 
928 
469 
443 
674 
919 
863 
58U 

1.U41 
356 
594 
445 
863 
854 
384 

1.314 

1,178 
617 
903 
489 
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Place. 


Bronston 

Brooks 

Broshears 

Brownsboro 

Brumfleld 

Brummett 

Brush  Creek 

Bryan 

Buchanan 

Buckner 

Buda 

Buechel 

Bucl 

Buena  Vista 

Burdlne 

Burifess 

Burgin 

Burlington 

Burnside 

Burnside 

Bush 

Butler 

Cadentown 

Cadmus 

Cairo 

Calhoun 

California 

Calvary 

Calvert 

Campbellsbur«r 

Camp  Dick  Robinson 

Camp  ton  Jet 

Cane  Spring? 

Caney 

Caneyville 

Cannonsburgr 

Carlinburg: 

Carrol  1  ton 

Carrollton 

Carrs 

Carter 

Catalpa '. 

Catlettsburg 

Catlettsburg: 

Catnip   Hill 

Cave   City 

Cave   Hill 

Cave  Spring- „ 

Cayce 

Cecilia — 

Cecilian  Jet 

Cedar  Grove. 

Ceiltertown 


County. 


Pulaski 

Bullitt 

Mason 

Oldham 

Boyle.. 

Whitley 

Rockcastle. 

Jefferson 

Lawrence... 

Oldham 

Fulton 

Jefferson 

McLean 

Lewis 

Letcher 

Boyd 

Mercer 

Boone 

McCreary.... 
McCreary... 

Breathit 

Pendleton ... 

Fayette 

Lawrence... 
Henderson.. 

McLean 

Campbell 

Marion 

Marshall 

Henry 

Garrard........ 

Powell 

Bullitt 

Pike 

Grayson 

Boyd 

Henderson- 
Carroll 

Carroll 

Lewis 

Carter 

Lawrence- 
Boyd 

Boyd. 

Jessariiine.. 

Barren 

Warren 

Logran 

Fulton 

Hardin 

Hardifi 

Pulaski 

Ohio 


Station. 


Eleva- 
tion. 


Post  Office 

L.   &  N.   R.   R 

C.  &  O.  R.  R 

L.   &   N.   R.   xi 

L.    &   N.    R.    R 

L.    &    N.    R.    R 

L.  &  N.  R.   R 

U.   S.   B.   M 

C.  &  O.   R.   R 

L.   &   I^T.    R.    R 

I.  C.   R.   R 

i;.   S.   B.   M 

V.   S.    B.    M 

C.    &    O.    R.    li 

U.    S.    B.    M. 

U.   S.    B.   M 

U.   8.    B.    M 

U.   S.    B.   M.     C.    H 

L.   W.    in   Cumberland   River. 

Q.   &  C.   R.    R 

L.   &   E.   R.   R 

L.   &   N.    R.   R 

C.   &  O.   R.   R 

U.   S.   B.   M 

U.   S.   B.   M 

U.   S.    B.   M 

C.    &   O.    R.    R 

L.   &   pT.    R.    R.   ..„......^...^._.„..........^ 

I.    C.    R.    R 

L.    &   N.   R.    R 

U.   S.   B.   M 

U.   S.  B.  M.    L.  &  E.   Station. 

L.   &  N.  R.   R 

U.  S.   B.   M 

I.  C.  R.   R 

U.   S.   B.   M 

U.   S.   B.   M 

L.  W.  in  Ohio  River 

L.   &   N.    R.   R 

C.  &  O.   R.   R 

C.    &   O.    R.    R 

U.   S.   B.   M 

C.  &  O.  R.   R 

L.  W.  in  Ohio  River 

Q.   &  C.   R.   R....^ - 

L.   &   N.   R.   R 

U.   S.   B.   M 

L.   &  N.   R.   R 

M.  &  O.   R.   R 

I.  C.  R.  R 

I.  C.   R.  R : 

Q.  &  C.  R.  ?l „ « 

U.  S.   B.  M 


bl8 
490 
505 
770 
1,014 
WC 
924 
659 
558 

•jyj 

428 
500 
446 
523 

1,443 
565 
911 
848 
589 
770 
787 
60i 

1.035 
597 
465 
392 
496 
609 
443 
896 
915 
747 
623 
1^ 
C99 
€04 
3-/7 
413 
464 
532 
678 
563 
552 
498 
975 
613 
660 
588 
400 
711 
637 
847 
449 
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El«Tatlon  AtiOT*  St«  of  Points  in  Ktntacky— Ck>ntina«d. 


Place. 


Dexier 

Diamond   Springs. 

Dixie 

Dixon 

Dixon 

Donerail 

Dorton „.. 

Dover 

Drakesboro 

Dravo 

Drew 

Dry   Hidffe 

Dulaney 

Dumont 

Dunbar 

Duncannon 

Dundee 

Dundee 

Dunmor 

Duvall 

Dwale 

Eai;le 

Earles 

Rarlinffton 

East   Bernstadt 

East  Cairo 

ftast  Eag-le 

East   Louisville 

li]a.st  Point 

East   View 

Eastwood 

Ebenezer 

Eddyville 

Edjouett 

Edwards 

Ekron 

Elba 

Ellc 

Elihu 

Eli'/abethtown 

Elkatawa 

Elk   Chester 

Elkhorn 

Elkhorn  City 

Elkin 

Elkton 

Elliston 

Elm  Lick 

Elm  rock 

Elmville 

Elm  wood 

Elva 

Eminence 


County. 


Calloway 

L.o;^an 

Henderson  .... 

Boone 

Webster. 

Fayette 

Pike 

Mason 

Muhlenberg. 

Jefferson 

Knott... 

Grant 

Caldwell 

Breathitt 

Butler 

Madison 

Powell 

Ohio 

Muhlenberg-. 

Scott 

Ployd 

Carroll 

Muhlenberg. 

Hopkins 

Laurel 

Ballard 

Owen 

TelTerson 

Johnson 

Hardin 

Jefferson 

Mercer 

Lyon 

Perry 

Logan 

Meade 

McLean 

Knott 

Pulaski 

Hardin 

Breathitt 

Payette 

Franklin 

Hike 

Clark 

Tmld 

(irant 

Ohio 

Knott 

Franklin 

Webster 

Marshall *... 

Henry 


Station. 


Eleva- 
tion. 


C.   H. 


K. 
M. 
K. 
M. 
H. 
M. 
R. 
M. 
R. 


R.. 


N.  C.  &  St.  L.  R.  R. 

U.    S.    B.   M 

U.   S.   B.   M 

Q.  &  C.  R.  R 

U.   S.   B.   M.   at 

C. 

B. 

O. 

B. 

R. 

C. 
B. 
E. 


& 
S. 
& 

s. 
s. 
s. 
& 
s. 
& 

S.    B.    M... 
&  N.  R.  R 


R. 


R. 


R. 


Q. 
U. 
C. 
U. 
L. 
U. 

Q. 

LI. 

L. 

U. 

L. 

U.  S.  B. 

U.  S.    B. 

U.  S.   B. 

U.  S.    B. 

U.  S.   B. 

L.  &  N. 

U.  S.   B. 

U.  S.    B. 

L.  &   N. 

I.  C. 

C.  S. 

L.  & 

C. 

I. 

r. 

U. 

r. 

L.  &  K.  R.  R. 

L.    &   N.    H.    K 

L.    H.    & 

U.    S.   B. 

U.    S.    B. 

Q.    &   C. 

L.   &   N. 

IT.    S.   B. 

U.    S.    B. 

I  J.    S.   B. 

C.    &    O. 

L    &   N. 

E.    &   G. 

L.    &   N. 

1.   C.   R. 

U.   S.   B. 

U.    S.    B. 

U.    S.    B. 

X.  c.  & 

L.    &    N. 


M.  L.  &  E.  Station 

M 

M 

M 

M 

R.   R 

M 

M 

R.   R 


R.   R 

B.    M 

N.   R.  R 

&  O.  R.  R 

C.    R.    R 

S.    B.   M.     L 

S.   B.   M 

C.    R.   R 


&  N.   Station 


near   P.    O. 

R 

H 

L.   &   E 


St. 
M.. 
M. 
R. 
R. 
M. 
M.. 
M. 
R. 
R. 
R. 
R. 

R 

M 

M 

M 

St.   L.    R 
R.    R 


L.    R.    R. 


Station 


R. 
R. 
R. 
K. 
R.. 


R.   Station. 


I 


R. 


424 
424 
457 

928 
&44 

882 
1,017 
508 
398 
599 
1.296 
949 
547 
748 
467 
989 
Vll 
424 
593 
840 
649 
4e5 
512 
422 
1,159 
322 
956 
460 
627 
761 
652 
821 
4.36 
884 
532 
627 
497 
1,064 
810 
68:^ 
746 
S'4l 
662 
790 
773 
602 
585 
456 
1.051 
720 
295 
360 
922 
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BtoTfttioii  AboTt  Utk  of  Poiats  la  X«iitiioky— Continued. 


Place. 


Green  Castle. 

Greendale 

Green  River... 
Green  River- 
Green  River- 


Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 


River. 
River 
River. 
River. 
River 
River. 
River. 
River. 
River. 


Green  River 

Green  River 

Green  River 

Green  River 

Green  River..... 

Greensburgr 

G  r  eenu  p 

Greenup 

Greenville...... 

Greenwood 

Grove  Center. 

Guflfle 

Gum  Grove 

Gum  Sulphur 

Guston 

Guthrie 

Habit 

Haddl-x 

Hadensville 

Hadley 

Hall's  Gap 

Hamby  Station. 

Hamilton 

Hamlak 

Hampton. 

Handshoe 

Handyvllle 

Hansbrouffh 

Hanson 

Happy  Hollow... 

Harbison....^ , 

Hardin 

Harding'..... 

Hardlnsburg „. 

Hardinsville 

Harlan 


County. 


Warren... 
Payette.... 


Eldmonson. 


Hart 

Hart 

Butler 

Hart 

Butler-Warren. 

fCdmonson 

Hart 

Green 


Green 

Green 

Taylor 

Taylor 

Adair 

Green 

Greenup 

Greenup 

Muhlenberg: 

McCreary 

Union 

McLean 

Union 

Rockcastle 

Meade 

Todd 

Daviess 

Breathitt 

Todd 

Warren 

Lincoln 

Hopkins 

Ohio 

Pike 

Boyd 

Knott 

Daviess 

Hardin 

Hopkins 

Hopkins 

Shelby 

Marshall 

Union 

Breckenrld^e. 

Shelby 

Harlan 

Breckenridsre. 


Station. 


U.    S.    B.    M 

U.  S.   B.  M „ 

Lock  1,    top  of  wall 

Lock  2,   top  of  wall 

L.  W.  in  Green  river  at 

Dennison's  Ferry 

Lock  3,   top  of  wall 

L.  W.  in  Green  River 

L.  W.  Cub  Run  Creek „ 

Lock  4,   top  of  wall 

L.  W.  Blue  Springrs  Creek 

Lock  5,   top  of  wall 

Lock  6,    top  of  wall 

L.  W.  at  Rio 

L.  W.  Mouth  of  Little  Bar- 

ren    River    

L.  W,  Greensburgr  

L.  W.  Bluff  Boone  Station.. 

L.   W.  at  Atchley's  Mill 

L.  W.   Griffith's  Spring 

L.  W.  at  Plum  Point  

Court  House 

L.   W.   in  Ohio  River 

Clerk's  Office  

U.  S.   B.  M.  C.  H 

Q.   &  C.   R.    R 

U,  S.  B.   M.  R.  R.  Station... 

U.  S.    B.   M 

L.  &  N.  R.  R 

L.  H.  &  St.   L.  R.  R ._.„ 

L.  &   ^.    R.   R. ......_,.^..., 

U.    S.    B.    M 

L.  &  K.  R.  R 

L.   &  N.   R.   R 

U.   8.  B.   M 

L.   &   N.   R.   R 

U.   S.   B.   M 

I.    C.    R.    R 

C.   &  O.   R.   R 

U.   S.   B.   M 

U.   8.   B.   M 

U.  S.  B.  M.  M. ~ .....~ 

I.   C.   R.    R 

U.    8.    B.    M 

U.    8.    B.    M 

U.  8.   B.  M.    R.   R.   Station. 

N.  C.  &  St.   L.  R.  R 

U.   8.   B.   M.    R.   R.  Station 

L.  H.  &  St.  L.  R.  R 

L.  &  N.  n,  R - 

U.  S.  B.  M.  C.  H..~ - ^ 

L.  H.  &  St   L.  K.  R 


Eleva- 
tion. 


424 
93S 
361 
374 

3dS 

390 
3»9 
402 
405 
407 
41» 
431 
436 

453 
516 
531 
548 
590 
634 
583 
478 
540 
538 
1,203 
387 
454 
386 
87S 
671 
617 
559 
751 
534 
659 
993 
412 
442 
667 
551 
885 
397 
676 
^Xt 
381 
79^ 
424^ 
37* 

1,197 
72U 
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Sl«Tatlo&  AboTt  Sea  of  Points  in  Xentnoky— Continnod. 


Place. 


Hopkinsville 

Hopson 

Horse  Branch 

Horse  Cave 

Horton 

Huber 

Hunnewell 

Huntsville 

Hyattsville 

Ilsley 

Independence 

Indian   Fields 

lola 

Irvine 

Irving-ton 

Island  

Island  Creek 

Ivan 

Ivel 

Ivyton 

Jabez 

Jackson 

Jamboree  P.  O... 

Jeffersontown 

Jellico 

Jenkins 

Jericho 

Jessamine 

Jetls 

Jewell 

Johnson 

Jolly 

Jolly 

Jordan 

Joyes 

Junction  City 

Kavanaug:h 

Keller 

Kelly 

Kelsey 

Kennebec 

Kenney 

Kenova 

Kenton  Heights- 
Kentucky  River 
Kentucky 
Kentucky 
Kentucky 
Kentucky 
Kentucky 
Kentucky 
Kentucky 
Kentucky 


River 
River 
River. 
River. 
River- 
River. 
River- 
River. 


County. 


Christian 

Caldwell...: 

Ohio 

Hart 

Ohio 

Bullitt.. 

Ureenup 

Butler 

Garrard 

Hopkins 

Kenton 

Clark 

Marshall 

Rstill 

Breckenridge. 
McLean 

Pike 

Knott 

Floyd 

Magoffin 

Russell 

Breathitt 

Pike 

Jefferson 

Whitley 

Letcher 

Henry 

Jessamine 

Franklin 

Pike 

Fleming- 

Breckenrldge.. 

Daviess 

F'ulton 

Shelby....: 

Boyle 

Boyd 

Harrison 

Christian 

Caldwell 

Franklin 

Scott 

\V.  Va 

Kenton 

Carroll 

Carroll 

Owen 

Franklin 

Franklin 

Anderson 

Jessamine 

Jessamine 

Fayette 


Station. 


L.  & 
U.  S. 
I.    C. 


K. 


L. 

I 

L. 

E. 

U 

CJ. 

I. 

L. 

U. 

N. 

L. 

L. 

U. 

C. 

U. 

C. 


R. 


R. 


N. 

B. 
R 
N. 

R. 
X. 

R. 

B.    M 

B.   M 

R.    R 

N.  R.  R 

B.  M.    L  &  E.  Station. 

&  St.   L.   R.   R 


R. 

M. 

R. 

R. 
R. 

R. 

R. 


& 

C. 

& 

K. 

S. 

S. 

c. 
& 
s. 
c 

W.   In  Kentucky  River. 

H.   &  St.   L.  R  R 

S.   B.   M 

&  O.   R.   R...._ 

S.   B.   M 

&   O.    R.    R 


U.  S. 
U.  S. 
Peter 
U.   S. 


L. 
U. 
L. 

Q. 
U. 


& 
S. 
& 
& 
S. 


B.   M 

B.   M.   at  C.   H. 
Creek    

B.  Ai 

N.   R.   R 

B.    M 

N.   R.  R 

C.  R.    R 

B.    M 


L. 
L. 
U. 
M. 
L. 

Q. 
U. 
L. 
L. 
U. 
U. 
L. 
N. 

Q. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 


& 
H. 

S. 
& 
S. 
& 

s. 

& 

& 

s. 

s. 

s. 

& 

& 

w 

w. 

\v. 

w. 

w, 

\v. 

w. 

w. 

\v. 


X.    R. 

^  St. 

B.    M. 

O. 

R. 

C. 

B. 

X. 

X. 

B. 

B. 

R. 

W. 

C. 


R. 
L. 


R.   R.. 


R. 


R. 


R. 
R. 


R.  R.  Station 


R. 

R. 

R. 

M. 

R. 

R. 

M.. 

M. 

R 

R.   R 

R.    R 

at    Carrollton 

at   Pool  1 

at  Pool  2 

at  Pool  3 

at    Frankfort 

at  Tyrone 

at  Higrh  Bridj^e „. 

at  Hickman  Bridge 

at  Clay's  Ferry >... 


Eleva- 
tion. 


541 
544 
476 
6U3 
427 
458 
523 
42U 

1,035 
412 
752 
746 
352 
571 
577 
417 
686 

1,315 
657 
8J5 

1,061 
1»J 
943 
711 
»J7 

1,527 

8:u 

885 
791 

1,407 
898 
652 
545 
404 
718 

*  982 
681 
715 
681 
403 
5U7 
832 
589 
830 
413 
43(r 
443 
446 
470 
4S4 
491t 
503 
533 
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C.  H. 
B.  B. 
&  C. 


SB^^M^^t 


A 

o. 

ft 

N. 

S. 

B. 

& 

S# 

s. 

B. 

& 

& 

E. 

] 

s. 

B. 

& 

N. 

& 

O. 

K. 

K. 

8.  a 

&  N. 

S.  R 
C  R, 
S.  B. 
ft  F.. 
&  O. 
&  N. 
A  N. 

.  s.  a 

&  N. 

W.  In 

S.  B. 

8.  n. 
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BtoTfttion  Abov*  Utk  of  Points  in  Xontnoky— Continuod. 


Place. 


New  Hope — ^« 

Newman 

Newport 

New  Richmond 

Niagara «, 

NioholasvlUe 

Nicholasville 

Nolan — . — ~...- 

Nonesuch »■  . — ....- 

Normal 

North  Fork 

North    Siding 

Norton  ville 

Norwood 

Nuckols — 

Nunns 

Oakland «^ 

Oak  Rldere 

Oakton 

O'Bannon.. 

Ohio  River 

Ohio  River 

Ohio  River ^.. 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Ohio  River 

Oil   City 

Oil  Valley 

O.  &  K.  Junction 


County. 


Nelson 

Daviess 

Campbell 

Campbell 

Henderson.. 
Jessamine... 
Jessamine... 

W.   Va 

Hardin 

Woodford.-, 

Boyd 

Boyle 

McLean 

Hopkins 

Pulaski 

McLean 

Crittenden.. 

Breathitt 

Warren 

Daviess 

McCrack*?n.. 

Hickman 

Jefferson 


McCracken. 


Union. 
Union. 


Henderson. 
Daviess 


Hancock. 


Breckenridge. 

Meade 

Meade 

Jefferson 

Jefferson 


Gallatin. 
Carroll... 


Bracken. 
Mason 


Lewis 

Greenup.... 

Boyd 

Barren 

Wayne 

Breathitt. 


Station. 


L.  &  N.  R.  R. . 

U.   S.   B.  M 

C.    &   O.   R.   R. 
C.   &   O.    R.   R. 


B.  M.   in  Court  House „ 

U.  S.   B.   M 

N.    &   W.    R.    R 

L.   &  N.   R.   R 

U*    S.    B.    Ax ,  

C.  &   O.    R.    R 

L.  &  N.  R.  R 

L.    &    N.    R.    R „ 

U.   S.   B.   M 

Q.    &  C.    R.   R 

U.   S.  B.   M 

U.  S.  B.  M.  R.  R.  Station..- 

U.  S.  B.  M.  L.  &  E.  Station... 

L,  &  N.  R.  R 

r.    C.    R.    R „.... 

N.  C.  &  St.  L.  R.  R 

M    &   O.    R.    R 

U.    S.    B.    M 

L.  W,  at  mouth 

L.   W.   at   Paducah 

L.  W.   at  Shawneetown 

L.    W.    at    Raleigh 

L.  W.  at  Unlontown 

L.  W    at  Mt.  Vernon 

L.  W.  at  Henderson 

L.   W.   at  Owensboro 

L.   W.   at   Rockport 

L.  W.  at  Lewisport 

L.  W.  at  Troy 

L.  W.  at  Cloverport 

L.  W.  at  Concordia 

L.  W.  at  Brandenburg 

L.   W.   at   Louisville 

L.   W.    at    Bethlehem 

L.    W.   at   Madison 

L.    W.    at    Vevay 

L.  W.  at  Warsaw 

L.  W.  at  Carroilton 

L.    W.    at   Cincinnati 

L.  W.  at  Augusta 

L.   W.   at   Maysvllle 

L.  W.  at  Manchester 

L.  W.  at  Quincy 

L.   W.    at   Greenup 

U  W.  at  Catlettstourg 

G.    R.    R 

U.   8.   B.   M 

U.  S.  B.  M.    L.  &  E.  station. 


Eleva- 
tion. 


488 
382 
536 
496 
477 
947 
99;$ 
651 
660 
812 
539 
934 
394 
4U8 
1,122 
40U 
375 
791 
531 
458 
348 
321 
765 
272 
286 
301 
302 
306 
308 

317 
328 
330 
333 
335 
340 
346 
356 
386 
399 
401 
408 
411 
413 
431 
444 
448 
451 

464 
478 
498 
610 
966 

r<J7 
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^ 

N. 

R.   H 

H. 

■& 

O. 

K     H 

R. 

K- 

M.-.. 

W 

.  In 

Olil< 

Kentucky  Geological  Survey 


1207 


Bltratlon  Abovt  8«a  of  Points  in  K«ntnoky— Continn«d. 


Ralph 

Rankin 

Raven 

Red  Hill 

Red  Hill 

Red   House 

Red  Oak 

Red   River 

Reed 

Renick 

Repton 

Republican 

Reynolds  Station. 

Rlcedale 

Richardson 

Richardson 

Richardsville 

Richland 

Richmond 

Rich   Pond 

Rlchwood 

Riley 

Riney\  lile 

R  i  vers  id  e _... 

Riverside 

Riverton 

Roach  v  i  1 1  e 

Hobard 

Robinson 

Rochester 

Rockfleld 

Rock  Haven 

Rockhold 

Rockhouse 

Rockl  and 

Rockport 

Rock  Springs 

Rock  Vale 

Rocky  Hill 

Rogers  Gap 

Rosine 

Ross 

Rosslyn 

Rothwell 

Rough    River 

Roumine 

Rowland 

Rowlelts 

Roxana 

Rufus 

Rugless 

Rumsey 

Rush 


Ohio 

Henderson.... 

Knott 

Christian 

Hardin 

Madison 

Logan 

Logan 

Henderson... 

Marion 

Crittenden... 

Knott 

Ohio 

Muhlenberg. 

Lawrence 

Lawrence 

Warren 

Hopkins 

Madison 

Warren 

Boone 

.Marion 

Hardin 

■Jlark 

Jefferson 


'Jreenup. 
Cireen 


Henderson 

Harri.son 

Butler 

Warren 

Meade... 

Whitley 

Pike 

Warren^ 

Ohio 

Henderson 

Breckenridge. 

i'jdmonson 

Scott 

Ohio 

Campbell 

Powell 

Menifee 

Ohio 

Taylor 

Lincoln 

Hart 

Letcher 

Caldwell 

Lewis 

McLean 

Boyd 


S.  B.   M 

L.  &  N.   R.   R....» 

U.  S.   B.   M 

C.  S.   B.   M 

I.  C.    R.    R „ 

L.  &   N    R.    R 

L.  &   N.   R.   R. 

L.  &   N.    R.   i: 

U.  S.    B.    M _ „; 

L.  &   N.    R.    R 

U.  S.   B.   M.     R.   R.   Station 

C.  S.  B.   M 

U.  S.   B.   M 

L.  &  N.   R.  R 

C.  &   O.    R.    R 

L.  \V.  in  Big  Sanuy 

U.  S.    B.    M 

U.  S.    B.    M 

L.  &   N.    R.    R 

L.  &   N,    R.    R 

Q.  &   C.    R.    R 

L.  &   N.    R.   R. 

I.  C.    R.    R 

L.  &  N.   n.   R 

r.  C.  R.  R 

C.  &  O.   R.   R 

L.   W.   in  Green  River 

U.   S.   B.   M 

L.    &   N.    R.    R 

LJ.    S.    B.    M 

L.  &  N.   R.  R __ 

L.   H.   &  St.   L.   R.   R 

L.   &  X.  R.  R 

C.    &  O.    R.    R 

U.   S.   B.   M 

U.   S.   B.    M 

U.   S.    B.   M 

L.   H.   &  St.  L.   R.   R 

L.    &   N.   R.   R 

Q.    &   C.    R.    R 

U.   S.   B.   M 

C.    &   O.    R.    R 

IT.  S.  B.  M.      L.  &  E.  Station. 

C.    &   O.    R.    I{. _ 

Lock  1.     Top  of  wall 

Kentucky   Geological    Survey... I 

L.  &   N.  R.  R I 

L.  &  N.  R.  R I 

L.  &  E.  R.  R [ 

i:.  S.  B.  M I 

C.  &  O.  R.  R i 


U.  S.  B.  M. 


430 
372 
749 
45U 
751 
710 
5% 
52:2 
379 
927 
485 

mi 

497 
2X;i 
599 
519 

Gne 

431 
926 
564 
924 
914 
8U8 
645 
445 
534 
544 
425 
674 
451 
568 
412 
955 
880 
664 
436 
486 
435 
596 

913 
564 
494 
668 
993 
381 
784 
844 
610 
1.039 
425 
703 
284 

61^ 
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Place. 


Sulph.ir   Sprlng:s 

Summit 

Summit 

Summit 

Sunnyvale 

Sutherland 

Sutton  Knob 

Swallowfifcld 

Sweeney 

Switzer 

Tackltt's   Mill 

Taffy 

Talbott 

TaUeg^a 

Talmage 

Tannery  

Tateville 

Taylor   Mines 

Taylorsville 

Teresita   P.   O 

Terrapin 

Thacker 

The  Forks 

Thompson's 

Thompson 

Thompsons  ille 

Threlkel 

Thurman 

Tlchenor 

Tilden 

Tip    Top 

Topeka  Crossroads. 

Torchlight 

Torrent „ 

Tradewater 

Trenton 

Tribune 

Triplett  Tunnel 

Troy. 

Tucker „. 

Tunnel   Hill  

Tunnel    Hill 

Turners 

Twin  Tunnels 

Typo. 

Tyrone 

Tyrone 


County. 


Oliio 

Boyd 

Mason 

McCreary 

Ohio : 

Daviess 

Whitley 

Kranklin 

Garrard 

H'ranklin 

Owen 

Ohio 

fiourbon 

Lee 

Mercer 

Lewis 

McCreary 

Ohio 

Spencer 

Owen 

Mercer 

W.    Va 

Pike 

Montgomery. 

Union 

Christian 

Butler 

Hickman 

McLean 

Webster 

Hardin 

Union.'. 

Lawrence 

Wolfe 

Hopkins 

Todd 

Crittenden 

Carter 

Woodford 

Jefferson„.. 

Henderson 

"Hardin _.' 

Henry.! 

Muhlenberg... 

Perry 

Anderson 

Anderson 

Perry 


Ulvan 

Uma......... Pendleton 

Union   Mills JJe.ssamine 

Unlontown 1  Union 

Unlontown Union... 

Upland McCreary. 


Station. 


Eleva- 
tion. 


U.  S.   B.   M 

C.  &  O.   K.   It 

L.  &   X.    K.    U 

Q.  &   C.    K.    K 

U.  S.   B.   M 

U.  S.   B.   M 

U.  S.    B.    M _ 

U.  S.    B.    M 

U.  S.    B.   M 

U.  S.  B.  M.     K.   K.  Station 

U.  S.    B.    M 

U.  S.    B.    M 

L.  &   N.    R.    R 

U.  S.   B.  M.     L.  &  E.  Station... 

U.  S.    B.    M 

C.  &   O.    R.    R 

g.  &   C.    R.    R 

U.  S.   B.   M „ 

U.  S.   B.   M.  on  C.   H 

U.  S.   B.    M - 

U.  S.    B.    M 

N.  &    W.    R.    R 

C.  &    O.    R.    R - 

C.  He    O.    R.    R , 

I.  C.    R.   R 

T.  C.   R.    R 

U.  S.     B.     M 

1.  C.    R.    R 

L.  &   N.    R.    R 

U.  S.    B.   M 

I.  c.  R.  R ; 

U.  S.    B.    M 

U.  S.   B.   M 

U.  S.    B.   M.     L.   &   E.   Station 

1.  C.  R.  R 

L.  &  N.    R.   R 

U.  S.    B.    M 

C.  &  O.   R.  R 

U.  S.   B.   M „ 

S.  R.    R 

U.  S.   B.   M 

L.  &   N.    R.    R 

L.  &  N.   R.   R 

U.  S.   B.   M.   L.   &  N.   Station... 

L.  &   E.    R.    R 

L.  W.  in  Kentucky  River 

U.  S.   B.   M 

L.  &   E.    R.    R 

L.  &   N.   R.    R.- 

U.  S.   B.   M 

L.  W.  in  Ohio  River _ 

I.  C.    R.   R..- - 

Q.  &  C.  R.  R : - 


418 
664 
905 

1,203 
427 
400 

1,515 
52  < 

1,024 

7a5 

641 
4S0 
808 
689 
821 
552 
877 
500 
490 
6:f7 
X'/6 
716 
710 

1,037 
408 
542 
430 
322 
383 
425 
760 
430 
588 
939 
456 
531 
431 

1,002 
828 
V19 
443 
767 
740 
501 
840 
483 
738 
951 
59/ 
939 
306 

.    354 

1.253 
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FiBST  Annual  Bepobt 

a  In  XaBtaok7 — CoBttamML 


L.   &  N.   It. 


Q.  &  C.  R. 
I.    C.    R.    R. 

[,.    &    N.    K 


X'. 

& 

W. 

It. 

«- 

R. 

R. 

s. 

H. 

M 

i:. 

s. 

B. 

M.     L.  &  E. 

«- 

& 

C. 

K. 

R. 

u 

& 

I.. 

Ik 

N. 

R. 

tr.  S.  B.  M. 
t.  C.  R.  II. 
U  H.  &  St.  L.   H.  I 

I'.  S.   B.    M 


I  o.  n.  X'H^f.s: 


»!  S 


'.    &  O.    R. 

:.    A  K.    It. 

.    R.  R. 

'.   H.  B.   M. 

r.  S.  B.  M. 

■.   S.  B.  M. 
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ASTRONOMK'AL    STATIONS   IN    KENTUCKY CoiltillUed. 

Place.        County        Latitud« 


Euteriie 

Palmouth  . — 

Pendleton   

Union  

Pranktort 

Free  Union  ^ 

Webster  

Glenvllle   

Anderson  

Grove  Center 

Union   

Henderson  

Crittenden  

LawrencevUle 

Lee 

Anderson  

Grant    

Butler  

42 


37   31   29.4 


38   2S   24.6 


37   16   38.3 
36   49   47.1 


38  00  34.7 

37  39  19.3 

37  37  00.8 

36  38  53.9 

36  53  53.76 

37  27  07.5 

38  13  35.1 
37  39  43.4 


38   36   01.5 


36   34   17.7 
38   11   15.2 


36   59   14.2 
38   16   44.9 


36   59   12.2 


Longitude 


26   31.e 


S7   45   43.1 


84   59   ZT.6 


86  51  29.6 

85  00  23.6 

86  45  20.3 

87  BO  52.7 
84  36  52.7 
87  15  30.2 


84   46   3e.7 


84   31   49.9 


85   00   46.0 


25.2 

84 

32 

55.1 

26.0 

86 

66 

30.8 

10.8 

85 

33 

16.2 

07.2 

84 

53 

37.4 

05.3 

84 

39 

00.2 

16.0 

86 

30 

00.1 

86   56   50.1 


